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ABSTRACT
This dissertation investigated the ability of oral reading fluency (ORF) and ORF 
growth to predict outcomes on a high stakes achievement test. Predictive methodologies 
were used in order to predict outcomes using those measures. Data were collected 
regarding students’ ORF and their performance on a high stakes achievement test at a 
later date in time. ORF scores at different time periods were used to create an ORF 
growth score. ORF and ORF growth were used to predict outcomes on the high stakes 
test. Predictive methodologies of direct logistic regression and discriminant function 
analysis were used. It was found that ORF and ORF growth predicted outcomes at all 
grade levels with discriminant function analysis, but with logistic regression, only ORF 
or ORF growth predicted outcomes at some grade levels. Therefore, although further 
evidence o f the ability of ORF to predict outcomes on high stakes tests was obtained, 
conclusive evidence of how ORF and ORF growth can predict outcomes using predictive 
methodologies was not found.
Additionally, receiver operating characteristic (ROC) analysis was used to create 
cut scores specifically for this sample of students. Those cut scores were then used to 
predict outcomes on a high stakes test for those students. It was found that cut scores 
chosen specifically for this sample were higher than traditionally used cut scores, 
suggesting that schools may want to examine the predictable nature of the cut scores used 
in order to determine if they meet the needs of their specific populations.
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CHAPTER 1
INTRODUCTION
Children spend the first few years of school learning basic reading skills, which 
they then use throughout their educational careers and beyond. Because of the 
importance of learning these basic reading skills during the first few years of school, the 
early identification of children who do not have fundamental reading skills is crucial. 
Once identified, interventions can be provided to these students in order to help them 
gain the basic skills they need to be successful.
In addition to being a fundamental skill, reading is in the forefront o f discussions 
in both education and research circles due to recent education legislation. Specifically, 
with the inception of No Child Left Behind (NCLB; U.S. Department of Education, 
2002) schools are facing more pressure than ever to be accountable for student progress. 
One of the ways accountability is assessed through NCLB is through high stakes testing 
results. High stakes testing is the term used for the assessment of student achievement 
through standardized, group-administered achievement tests. These tests are 
administered several times throughout a student’s academic career; often beginning in 
fourth grade and continuing periodically through high school. With NCLB, students are 
expected to meet specific standards on these tests. Schools that are not able to show 
student progress face consequences. Because of the accountability issue being raised by
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NCLB, schools are looking for ways to identify those students likely to fail high stakes 
tests and provide interventions in order to increase their skills. Curriculum-based 
measurement (CBM) is one tool being used by schools to assess reading progress.
Schools screen all students using oral reading fluency (ORF). Students identified through 
ORF scores as being at risk for failing high stakes assessments can be provided 
intervention that may help their outcomes on these tests. Because ORF can be 
administered quickly and its scores are correlated with outcomes on high stakes tests 
(Shapiro, Edwards, Lutz, & Keller, 2004; Sibley, 2003), it is viewed as a useful tool for 
identifying those students in need of intervention.
Schools identifying students using ORF have different methods of determining 
student need. Some schools use percentile rank to determine student progress. For 
example, all students whose scores fall below the 25th percentile rank are referred for 
supplemental instruction in some schools. Other schools use cut scores to identify 
students who are not meeting reading expectations. All students who fall below a 
specific cut score are provided supplemental instruction when cut scores are used. The 
current study examined the use of cut scores as they apply to a specific school district 
with a large percentage of students from low-income homes.
ORF growth scores are another measure that may benefit schools that are 
attempting to predict outcomes for students. ORF growth scores are typically used with 
struggling students in order to aid in setting educational goals for them (Fuchs, Fuchs, 
Hamlett, Walz, & Germann, 1993). However, because schools using ORF to screen all 
students already have growth scores available to them, their usefulness at predicting 
outcomes on a high stakes test should be examined. The current study examined the use
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of growth scores in order to determine how they can aid in the prediction o f outcomes on 
high stakes tests.
The current study is an extension of research looking at the use of oral reading 
fluency in predicting outcomes on high stakes tests. It addressed the question of 
predicting outcomes on high stakes tests by using predictive methodology. Additionally, 
the utility of ORF growth scores was examined in the context o f predicting outcomes on 
high stakes achievement tests. Last, the use of cut scores chosen specifically for a school 
district sample of students was examined.
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CHAPTER 2 
REVIEW OF LITERATURE
Reading success can be predicted from almost the time children enter school 
through such measures as Dynamic Indicators of Basic Early Literacy Skills (DIBELS; 
Good & Kaminski, 1996) and reading CBM (Juel, 1988). Luckily, intervening with 
struggling readers in the elementary grades has proven successful in helping students 
achieve at rates closer to their peers (Heibert, Colt, Catto, & Gury, 1992; Morris, Shaw,
& Pemey, 1990; Vellutino et al., 1996; Wasik & Slavin, 1993). Based on these data, it is 
pertinent that schools invest a small amount of time to assess students’ reading skills 
while they are young and target those students not meeting expectations for additional 
instruction.
Reading Theory
Reading comprehension emerges when readers are able to construct a mental 
representation that captures the information contained in the explicit text as well as 
relevant background knowledge (e.g., Grasser, Millis, & Zwaan, 1997; van Dijk & 
Kintsch, 1983). This representation reflects the meaning of the text, as constructed by the 
reader (Graesser, Singer, & Trabasso, 1994), which is contingent on the successful
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occurrence of several processes (Haberlandt, 1988; Magliano, Millis, Ozuru, & 
McNamara, 2007). Haberlandt (1988) describes the different levels at which text is 
processed, and thus comprehended, as it is read. Processing occurs at each of four levels 
including the word level, the sentence level, the concept level, and the text level. Word- 
level processing involves encoding and lexical operations (Haberlandt, 1988). Encoding 
includes the early stages of reading, such as orthographic and phonological processes. It 
is heavily influenced by features of the text (e.g., word length and text quality) and the 
reader (e.g., fluency). Sentence-level processes are those that occur at the smallest text 
unit that contains ideas that the writer seeks to communicate (Haberlandt, 1988). At the 
concept level, processes work to determine the dependencies among words. This occurs 
both within a sentence as well as between sentences (Haberlandt, 1988). Through the 
work of each of these processes, comprehension occurs.
Reading theory describes how these processes may work together in order to 
result in comprehension. Perfetti (1988) describes the cognitive processes that lead to 
reading comprehension through the verbal efficiency theory of reading. Verbal 
efficiency theory explains that individual differences in reading ability occur through 
individual differences in the functioning of local processes (Perfetti, 1988). There are 
several processes that occur while reading. For example, low level processes including 
phonemic, orthographic, and lexical are used. Along with these lower-level processes, 
the reader uses his knowledge of the meaning of words, as well as the context in which 
they occur, in order to determine their meaning in that particular text. This is called 
semantic encoding (Perfetti, 1988). For example, if I read the sentence, “Let’s table this 
discussion until our next meeting,” I would first recall every meaning of the word “table”
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then choose the meaning that best fits the context. Next, the reader encodes groups of 
text that form a unit, for example, a phrase or sentence. These are called propositions. 
The propositions are individually encoded and then integrated into previous units, or 
propositions (Perfetti, 1988). Third, there are integrative processes that work to integrate 
the information from each proposition. Once text propositions are created, they are 
combined with knowledge about concepts in order to create a text model (Perfetti, 1988). 
The text model then allows the reader to make inferences about the text. Most of these 
reading processes occur during the reading of a passage. However, comprehension 
activities take place after an individual has finished reading text as well (Magliano et al., 
2007).
Strong oral reading fluency, and comprehension, can occur when all of these 
processes are working together in an efficient manner. Perfetti (1988) discusses how 
some of these processes are more readily able to increase in efficiency than others. For 
example, lexical access processes are those processes involved in word identification. 
These processes have the capability to become extremely efficient, with readers being 
able to identify words in an efficient manner in isolation (Perfetti, 1988). When lexical 
processing is efficient, it would be expected that oral reading fluency scores would be 
higher than when lexical processing is inefficient. Essentially, when a process is 
efficient, it also leaves extra resources available for other processes to work. 
Comprehension can be strongest when the processes are working efficiently.
Educational implications regarding the verbal efficiency theory are complex 
because if any one of the necessary processes is functioning at an inefficient level, 
reading ability will be compromised (Perfetti, 1988). In fact, Perfetti (1988) argues that
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7
reading instruction in the first years of school should focus on gaining efficiency with 
these processes. This will involve specific skill instruction as well as many opportunities 
to practice the skills in connected text. The amount o f instruction and practice required 
for students to become proficient with reading skills will have individual differences 
(Perfetti, 1988). When one is efficient with these processes, we would expect to see 
increased oral reading fluency scores.
However, Oakhill (1994) has argued that proficiencies in lower-level processes do 
not guarantee comprehension. That is, proficiencies in lower-level processes are seen as 
necessary, but not sufficient for comprehension (Oakhill, 1994). She discusses that 
important skills beyond lower-level processes include inferential skills, structure-deriving 
skills, and comprehension monitoring skills (Oakhill, 1994). Some students are able to 
read accurately at a word level but are unable to comprehend text. These students fall 
behind those students who are good at comprehending text in several key comprehension 
skills (Oakhill, 1994). Additionally, when poor word readers have been taught to be 
rapid decoders, their comprehension has not been shown to improve (Fleischer, Jenkins, 
& Pany, 1979; Pefetti & Hogaboam, 1975). This shows that although word reading 
fluency is related to comprehension, it is not sufficient for reading comprehension 
(Oakhill, 1994). Because oral reading fluency is highly related to comprehension, even 
though not a direct indicator of comprehension ability, it was used in the current study to 
screen students for reading concerns.
Current practice in schools uses curriculum-based measures that can be mapped 
onto lower level reading processes. For example, phonemic processes may be assessed 
through a phoneme segmentation measure, in which a student is given a word orally and
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is asked to provide the sounds in the word (Good & Kaminski, 2002). For example, 
when given the word “camp” the student would be expected to say “c-a-m-p.” In order to 
assess orthographic processing, schools often use a nonsense word fluency measure 
(Good & Kaminski, 2002). This measure asks students to read consonant-vowel- 
consonant words. Oral reading fluency measures are used to assess lexical processing 
and require students to read from a grade-level passage for one minute (Good & 
Kaminski, 2002). The number of words read, and sometimes the accuracy of reading, are 
assessed. The current study will use a measure of oral reading fluency to attempt to 
predict outcomes on a reading comprehension achievement test. Although fluency and 
comprehension are different reading behaviors, oral reading fluency has been shown, 
time and again, to be predictive of comprehension scores on high stakes, as well as 
published, norm-referenced tests (Shapiro et al., 2004; Shinn, Good, Knutson, Tilly, & 
Collins, 1992). Therefore, the use of oral reading fluency scores as a screening 
assessment for overall reading skill is becoming popular within schools. This practice is 
confounded by the possibility that two tests which both assess comprehension may 
actually measure different processes needs to be considered. Therefore, generalizations 
from the results on a reading comprehension test to another should be done with caution. 
The current study, although not specifically assessing postulations by Perfetti (1988), 
may provide evidence that the comprehension of texts, as measured by one high stakes 
achievement test, can be predicted by outcomes on a measure of oral reading fluency. 
Furthermore, this study may help shed some light on the controversy of whether lower- 
level processes are in fact necessary, but not sufficient, for comprehension.
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A federal research panel has also investigated reading instruction. The National 
Reading Panel (NRP) was created in order to review the scientific literature on reading. 
Subsequently, they published a report outlining the major components of reading and 
instructional recommendations for teaching these components (National Institute of Child 
Health and Human Development, 2000). The National Reading Panel found five main 
components of reading, including: (1) phonemic awareness, (2) phonics, (3) vocabulary, 
(4) fluency, and (5) comprehension (National Institute of Child Health and Human 
Development, 2000). All five components should be part of a comprehensive reading 
curriculum. Phonemic awareness instruction focuses on the sounds in spoken syllables 
and words. Students are taught to identify and manipulate these sounds. Phonics 
instruction involves focusing on the letter-sound correspondences in reading and spelling. 
Phonics is best taught through direct, explicit instruction. Fluency is the ability to read 
with speed, accuracy, and expression. This is important because it is one skill that is 
critical to comprehension. Fluency is taught by allowing children time to practice 
reading at a level at which they are accurate. Vocabulary is also important when 
considering comprehension. Knowing the vocabulary in a passage will better allow 
students to understand what they are reading. Comprehension is an active process that 
can be taught through the use of strategies (National Institute o f Child Health and Human 
Development, 2000). Oral reading fluency is one skill that is predictive of overall 
reading ability (Shinn, Good, Knutson, Tilly, & Collins, 1992). When students read 
fluently, they make few decoding errors. Oral reading fluency is a reliable and valid tool
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used for assessing early reading skills (Shinn & Bamonto, 1998). Reading CBM is a 
measure of oral reading fluency.
Reading Curriculum Based Measurement
When teaching reading, having data to show that students are making adequate 
progress is essential. One way this is accomplished is through the use of reading 
curriculum-based measurement (CBM). Reading CBM is a tool that is used in schools to 
assess basic reading skills (Deno, 1985). Reading CBM allows for the fast, accurate 
assessment of reading skills that allows educators to determine if students’ reading skills 
are advancing as expected. CBM was created as an attempt to give special education 
teachers tools that would allow them to make instructional decisions about their students’ 
programs (Deno, 1985). It is the result of six years of development and testing, from 
1977 to 1983 (Deno, 1985). The most popular reading CBM assessment is that of oral 
reading fluency, or ORF. With ORF, a grade-level passage of text is given to a student, 
with standardized instructions, and the number of words the student reads correctly in one 
minute is scored.
Deno (1985) created CBM with four underlying principals in mind. First, the 
measure needed to be reliable and valid (Deno, 1985). Without validity, CBM would be 
useless for making educational decisions. In addition, the tool had to be simple and 
efficient to administer in order to allow teachers to be able to fit the assessment into their 
busy schedules (Deno, 1985). Simplicity also allows for the flexible use of personnel to 
administer the measures. With minimal training, almost anyone can validly administer
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CBM probes. Deno also created CBM with the goal of having scores on the probes be 
easily understood, in order to allow teachers to easily interpret scores and then explain 
the results to parents and students. Last, CBM was designed with the purpose of being an 
inexpensive assessment tool (Deno, 1985). In order for schools to be able to give the 
probes frequently, the measure must remain economical.
Psychometric Properties of Reading Curriculum-Based Measurement
The development and psychometric testing of CBM was performed in order to 
determine if the use of CBM actually leads to better student outcomes (Deno, 1985). If 
the measure is useful for its intended purpose, teachers should be able to use reading 
CBM to gauge the success of their students. If students are not making progress toward 
their IEP goals, instructional programs can be modified to enhance achievement. This 
process would result in the earlier identification of the need for a program change, 
ultimately resulting in the higher achievement of students receiving special education 
services. Deno (1985) found this to be true. The regular use o f reading CBM to monitor 
progress does result in the higher achievement of students receiving special education 
services. Interestingly, when curriculum-based measurement was first examined, the 
goal was to create passages from district curriculum in order to assess student progress 
against their own curriculum. However, it has been found that student performance is 
accurately predicted by passages that are not directly from the district curriculum (Fuchs 
& Deno, 1994). Because of this, schools often use published probes because they are
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created to be of equivalent difficulty and have data for their reliability and validity. This 
practice also saves schools time, as they do not have to create their own probes.
Evidence shows that reading CBM is useful as a progress-monitoring tool for 
students in special education (Deno, 2003; Deno, Fuchs, Marston, & Shin, 2001; Fomess, 
Kavale, Blum, & Lloyd, 1997; Fuchs, Deno, & Mirkin, 1984; Fuchs & Fuchs, 1986). For 
example, Fomess and colleagues (1997) found a large effect size o f 1.12 for using 
positive reinforcement and reading CBM for increasing achievement. Part of the reason 
reading CBM is useful for this purpose is its sensitivity to small changes (Deno, 1985). 
With frequent progress monitoring, CBM scores can indicate to teachers if  a student is 
making adequate progress with their current program and a change can be made if 
progress is not evident. Traditionally, student progress on goals is assessed less 
frequently, which results in teachers receiving less information on student progress that 
may be used to make instructional decisions.
Reading CBM has also been shown to be a valid tool for use with general 
education students. Data have shown reading CBM to be an assessment tool that is at 
least as valid a measure of reading competence as more traditional reading tests (Good & 
Jefferson, 1998). Data suggest that oral reading fluency scores are related to teacher 
ratings of reading skills and published, norm-referenced test scores (Espin & Deno, 1993; 
Marston & Magnusson, 1985; Shinn et al., 1992; Stage & Jacobsen, 2001). Shinn and 
colleagues (1992) examined studies comparing reading CBM to other reading measures, 
including published, norm- and/or criterion-referenced tests, and informal assessments of 
reading competence. They found that reading CBM scores were more highly related to 
reading competence and decoding scores than scores from other measures (rs = .88
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to.90). In addition, reading CBM scores have been shown to be more sensitive to growth 
than other test scores, further validating the use of reading CBM in the school setting 
(Marston & Magnusson, 1985). Also appropriate to the school setting, reading CBM 
scores have been found to predict students’ grades in school (Espin & Deno, 1993; 
Fewster & MacMillan, 2002).
Comprehension is one component of reading that is viewed as especially 
important, since it is the purpose of reading. Reading CBM scores have been shown to 
be highly related to reading comprehension, suggesting that they are an indicator not only 
of decoding skills, but also useful for identifying students who may need to be assessed 
for comprehension difficulties (Deno, 1985; Fuchs, Fuchs, Hosp, & Jenkins, 2001;
Hintze, Callahan, Matthews, Williams, & Tobin, 2002; Marston & Magnusson, 1985; 
Shinn et al., 1992). This is important because there is debate surrounding the discussion 
of the ability of oral reading fluency measures to assess comprehension (Shinn et al., 
1992). Since reading CBM does not ask comprehension questions, it is often viewed as 
not being able to adequately assess comprehension skills. Although it was not created 
with the intention of being a measure of reading comprehension, reading CBM scores 
have been found to be related to comprehension of text. Shinn and colleagues (1992) 
found that oral reading fluency was a measure of general reading competence, being 
related to both decoding and comprehension scores. Hintze and colleagues (2002) 
examined the ability of several factors to predict outcomes on reading comprehension 
tests. They found that only age and oral reading fluency significantly predicted reading 
comprehension scores, with 42% of the variance being explained by age and oral reading 
fluency. Marston and Magnusson (1985) also looked at reading CBM scores and their
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relationship to reading comprehension. They found correlations ranging from .47 to .81 
between reading CBM scores and scores on standardized tests o f reading comprehension.
Although oral reading fluency scores are predictive of overall reading skills, 
including reading comprehension, they should be viewed as a screening tool for reading 
comprehension. When a problem with comprehension is suspected, assessments 
designed to assess reading comprehension should be used to further diagnose and identify 
appropriate interventions.
Although traditional validity evidence is essential when examining an assessment 
tool such as reading CBM, Good and Jefferson (1998) discuss that it is also pertinent to 
examine the usefulness of the measure. In addition to the practicality of reading CBM, 
discussed above, another way in which the relevance and utility of a tool can be assessed 
is by looking at the outcomes of students as a result of using the measure. Traditionally, 
once students are identified to receive special education services, their rate of progress 
does not improve significantly. This suggests that traditional methods o f assessing for 
learning problems do not aid in the remediation of these problems (Glass, 1983). Studies 
have shown that using ORF to evaluate intervention effectiveness has resulted in 
increased student achievement (Deno, 1985; Fuchs et al., 1984; Mathes, Fuchs, Roberts, 
& Fuchs, 1998; Stoner, Scarpati, Phaneuf, & Hintze, 2002). Fuchs and colleagues (1984) 
examined the effects of monitoring the progress of students receiving special education 
services and found that students whose teachers used ORF to monitor the effectiveness of 
their reading programs had higher achievement than those students whose teachers did 
not use ORF to examine program effectiveness. In addition, ORF has been shown to be
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useful for aiding in planning for the reintegration of students into general education 
classes, also leading to better student outcomes (Mathes et al., 1998).
Oral reading fluency is a useful measure, as it is sensitive to growth, can be given 
repeatedly over a small period of time, and has evidence of having adequate reliability 
and validity (Deno, 1985). With any measure, it is important to remember the purpose of 
the assessment tool. Reading CBM was created to monitor the progress of students with 
reading problems. Additionally, it is often used as a screening tool, with the purpose of 
identifying students in need of further diagnostic testing. Reading CBM indicates that a 
problem is probable, but it does not diagnose the problem. It does not inform of the 
nature of the reading problem or indicate how to remediate the problem. For example, a 
reading comprehension problem will be intervened on in a much different way than a 
decoding problem. It is important to remember that specific diagnostic tools are still 
necessary once a screening with reading CBM has shown a reading discrepancy in order 
to ensure that an appropriate intervention is implemented.
Advantages of Curriculum Based Measurement
Reading CBM is gaining popularity in both the special education and general 
education settings due to its many advantages over other methods of assessing reading 
skills. One of the main advantages of reading CBM over published, norm- and criterion- 
referenced tests is its flexibility of use. It is curriculum-referenced, meaning that it 
measures performance in the curriculum in which students are learning (Deno, 1985). In 
addition, it is peer-referenced, meaning that norms can be created for a school or district,
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allowing for comparison to local peers (Deno, 1985). This may be especially useful for 
exceptionally low or high socioeconomic communities, where national norms are not 
always the optimum comparison. Additionally, large databases have been used to create 
national norms (AIMSWeb, 2006; Hasbrouck & Tindal, 2006). This allows for districts 
to compare their students’ performance with that of other students across the country.
This also keeps districts from having to create their own norms.
Reading CBM is also individually referenced, allowing for the comparison of a 
student to his or her own performance. Because of this, teachers can monitor the 
progress of a student toward his reading goals and modify instruction if he is not making 
adequate progress as long as they are well trained.
Another feature of CBM that makes it practical for use within the school setting is 
its efficiency. As discussed above, reading CBM can be administered by almost anyone 
within the school setting, after minimal training. This allows for the gathering of data on 
whole schools and districts in a small period of time. Additionally, since results are 
available immediately, when a student is found to have deficits in reading skills, through 
cut scores or norms, interventions can be implemented quickly.
Given the purposes of reading CBM, psychometric properties support its use in 
the school setting. CBM data provide evidence that schools are providing effective 
programming to students, through its ability to measure gains in basic skills. It serves as 
a sort of thermometer for reading skills, suggesting when something may be wrong 
(Shinn & Bamonto, 1998). Just as with a thermometer, scores will suggest that reading 
skills are not proficient, but will not assess why a problem is occurring (Shinn & 
Bamonto, 1998). Because of its ability to predict when reading skills are not adequate, it
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can be used to select students who are at-risk of failing high stakes tests. Being able to 
show that students’ reading programs are modified when they are not making adequate 
progress is one way to show that schools are meeting accountability requirements set 
forth in NCLB (U.S. Department o f Education, 2002).
No Child Left Behind Act
The purpose of the No Child Left Behind (NCLB) legislation is to increase the 
achievement of all students (U.S. Department of Education, 2002). The creation of 
NCLB was driven by evidence showing that subgroups of the population, such as racial 
minorities, disadvantaged youth, and students from low-income households and districts, 
perform poorly on high stakes tests. NCLB strives to provide all students with an equal 
opportunity to obtain a high-quality public education. One of the main themes of NCLB 
is accountability. According to NCLB, accountability is achieved through: (a) assessing 
the outcomes of all students, (b) public reporting of test results, (c) research-based 
reforms for schools that do not meet standards, and (d) a guarantee of yearly progress 
(U.S. Department of Education, 2002). Schools are required to administer achievement 
tests, often referred to as “high stakes tests” to students and to report the results of those 
tests, as well as how they compare with state and national averages. This results in an 
increase in parental involvement, as parents can view this information as it is updated on 
a yearly basis.
Consequences are also delivered to schools that consistently fail to meet 
standards. Ineffective schools receive outside consultation and aid in modifying their
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curricula in an attempt to increase student achievement. Additionally, parents have the 
option of sending their children to different schools that are meeting standards if their 
school is unsuccessful at doing so. Because of these consequences, schools are looking 
for ways to increase the outcomes of students on standardized achievement tests, as well 
as to predict which students will fail these tests. Reading is the logical subject with 
which to begin addressing outcomes, as it is the focus of the majority of academic 
problems. One way schools are attempting to improve outcomes of all students is 
through looking at their curriculum through the three-tier model.
Three-Tier Model
A new model for service delivery in schools has emerged. This model suggests 
that there are three tiers of students in a school (Batsche et al., 2005; Grimes & Kums, 
2003; see Figure 1). The first, and largest tier is the Benchmark tier. If  the core 
curriculum is successful, this tier accounts for between 80 and 85 percent of students in a 
school (Grimes & Kums, 2003). This subset of students is successful within the general 
education curriculum without any significant accommodations or modifications. The 
next group, the strategic group, accounts for between 15 and 20 percent of the population 
(Grimes & Kums, 2003). These students require something slightly different from the 
general curriculum. Some examples would be students who need extra practice with new 
skills or require a sticker chart or visual schedule in order to fully participate in the 
general education setting. Students in the intensive group (5 to 10 percent) are those who 
need the most support (Grimes & Kums, 2003). The general education curriculum does
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not fully meet the needs of these students and they require significant accommodations 
and modifications to be successful. Examples include those students needing significant 
English Language Learner services, or significant intervention in the area o f reading.
Intensive -  5% - 10%
Strategic - 15% - 20%
Benchmark - 80% - 85%
Figure 1. Three tier model of service delivery.
Using this model, schools can evaluate their general education and supplemental 
programs. If at least 80 percent of students are not successful within the general 
education curriculum then modifications to the general education curriculum may be in 
order. For example, if only 60 percent of students are meeting oral reading fluency 
expectations, a change in the general education reading curriculum may be necessary.
Additionally, district data can be used to identify which students are in need of 
strategic interventions. Students who fail to respond to strategies as well as those who 
are significantly different from peers may require intensive support, which is significantly
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different from general education curricula and is individualized to meet the individual 
student’s needs.
Just as the three-tier model is a useful way of looking at student needs in a school, 
it is also useful to apply it when considering assessing for reading achievement. It can be 
expected that three groups of student readers will emerge, those successful within the 
general education curriculum, those who need some supplemental support, and those who 
require intensive support in order to become successful readers.
Some CBM scores are used in this way. For example, when using the DIBELS 
(Good & Kaminski, 2002) or AIMS Web websites to analyze CBM scores, the websites 
separate students’ scores into three groups, corresponding with the benchmark, strategic, 
and intensive groups in the three-tier model. This may help schools when they are 
determining how much support a student may need to reach benchmarks when he is 
behind target.
Relationship Between Reading CBM and High Stakes Tests
Reading CBM is growing in popularity as one way of predicting outcomes on 
high stakes achievement tests. Because of its practicality, reading CBM can be 
administered to all students within a school with relative ease. The results can then be 
used to predict which students are at-risk to fail high stakes achievement tests and 
interventions can be delivered to these students. A growing body of research is emerging 
that looks at the relationship between reading CBM scores and outcomes on high stakes 
tests (Shapiro et al., 2004; Shaw & Shaw, 2002; Sibley, 2003; Silberglitt, Bums, Madyun,
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& Lail, 2006; Stage & Jacobsen, 2001). Correlations between oral reading fluency scores 
and high stakes achievement tests have been well established. For example, Shaw and 
Shaw (2002) examined correlations between the Colorado State Assessment Program 
(CSAP) and CBM reading scores for 58 third graders. They found correlation 
coefficients between .73 and .80, suggesting a moderately strong relationship between 
CBM and CSAP scores.
Stage and Jacobsen (2001) examined the ability of CBM scores to predict 
outcomes on the Washington Assessment of Student Learning (WASL) for 173 fourth 
grade students. They found significant correlations between .43 and .44 between WASL 
and CBM scores. The sensitivity of CBM scores to predict outcomes on the WASL was 
66 percent, while the specificity was 76 percent. The positive predictive power o f CBM 
scores was .41 and the negative predictive power was .90, showing that the CBM scores 
were much better at predicting which students would pass the test than which would fail 
the test.
Shapiro and colleagues (2004) also examined the relationship between oral 
reading fluency scores and high stakes tests in Grades 3 and 5. Correlation analyses 
indicated that the relationship between oral reading fluency scores and a high stakes 
achievement test were strong (rs = .64 to.69).
Shapiro and colleagues (2004) used cut scores to predict outcomes on high stakes 
tests. For students in fifth grade, an oral reading fluency cut score of 103 was 
established. This score was chosen because it represented the 25th percentile of scores in 
the sample. Using this cut score, Shapiro and colleagues were able to predict passing the
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Pennsylvania System o f School Assessment (PSSA) with 86 percent accuracy. It 
predicted failing the PSSA with 46 percent accuracy.
Good, Simmons, and Kame’enui (2001) examined the relationship between 
reading CBM scores and performance on the OSA, a standardized achievement test in 
reading and literature. They examined the performance of third-grade students. They 
found that 96 percent (191) of students who met their end o f third grade goal, (which was 
110 words per minute) were rated as either “meets expectations” or “exceeds 
expectations.” O f students who scored below 70 words per minute (46) only 28 percent 
(13) of them were rated as “meets expectations” on the OSA. Good and colleagues noted 
that the performance of students reading between 70 and 110 words per minute was less 
likely to be accurately predicted.
McGlinchey and Hixson (2004) examined the use o f CBM in predicting outcomes 
on state assessments in Michigan. The sample consisted of 1362 fourth-grade students.
In addition to CBM in the area of reading, participants completed the Michigan 
Educational Assessment Program (MEAP), a group-administered standardized 
achievement test. A cut score of 100 words per minute (WPM) on the CBM measure was 
used to classify students. O f students who read at least 100 WPM, 72 percent passed the 
MEAP reading assessment. Additionally, the positive predictive power and negative 
predictive power were calculated. The positive predictive power o f the CBM cut score 
was 77 percent, signifying that the cut score of 100 WPM correctly predicted 77 percent 
of students who failed to pass the MEAP reading assessment. The negative predictive 
power was .72, which means that reading CBM cut scores were able to correctly predict 
72 percent of students who passed the MEAP reading assessment.
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In an attempt to better predict which students will pass and which will fail high 
stakes achievement tests, some researchers have used two cut scores: one to predict 
passing the test and one to predict failing the test (Buck & Torgeson, 2003; Sibley, 2003). 
Using cut scores, Sibley (2003) was able to predict which students would fail and which 
would pass the Illinois Standards Achievement Test (ISAT; see Table 1). He used two 
cut scores in his analyses. One cut score was used to predict when students would fail the 
ISAT and one was used to predict passing. In the spring of first grade, Sibley (2003) 
used a cut score of 20 words per minute to predict failing and a cut score o f 40 words per 
minute to predict passing. For the spring of second grade, cut scores of 70 and 90 words 
per minute were used to predict failing and passing the ISAT in later years, respectively. 
Cut scores of 80 and 110 words per minute in the spring of third grade were used to 
predict outcomes on the ISAT in later years, while cut scores o f 90 and 130 words per 
minute in the spring of fourth grade were used to predict failing and passing the ISAT. 
Sibley (2003) found that passing the ISAT was more accurately predicted through the cut 
scores than failing the ISAT. He was able to predict between 91 and 97 percent of 
students passing the ISAT and between 25 and 62 percent of students failing the ISAT 
using the cut scores.
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Table 1
Summary o f  S ibley’s Predictions o f  Meeting Expectations on ISAT Based on ORF Scores
ISAT 3rd Grade ISAT 5th Grade
ORF Score Passing Failing Passing Failing
Spring 1st Grade 92% 50% 91% 25%
(78) (8) (79) (8)
Spring 2nd Grade 97% 40% 94% 41%
(72) (20) (72) (22)
Spring 3 rd Grade 97% 62%
(74) (13)
Spring 4th Grade 97% 62%
(69) (13)
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Buck and Torgesen (2003) examined the relationship of CBM to the Florida 
Comprehensive Assessment Test-Sunshine State Standards (FCAT-SSS). They used 
CBM scores and FCAT-SSS Reading Comprehension scores from the spring of students’ 
third-grade year. They found significant correlations between oral reading fluency scores 
and FCAT-SSS scores (p < .001). Additionally, 91 percent of students who reached the 
benchmark of 110 words per minute performed in the adequate range on the FCAT-SSS. 
81 percent of third graders classified as high risk, obtaining CBM scores below 80 words 
per minute, did not pass the FCAT-SSS.
Silberglitt and colleagues (2006) examined the relationship between, among other 
things, reading CBM, the Minnesota Comprehensive Assessments - Reading (MCA-R), 
and the Basic Standards Test-Reading (BST-R). Students’ scores on the MCA-R in 
Grades 3, 5, 7, and 8 and the BST-R in Grade 8 were compared with reading fluency 
scores and maze scores. They found that the magnitude o f the relationship between the 
high stakes assessments and oral reading fluency scores decreased at increased grade 
levels, with correlations of r -  .71 at third grade to r = .51 in eighth grade (p < .001).
Studies have consistently shown that reading CBM scores and outcomes on high 
stakes achievement tests are related to each other. Combined with the practicality of 
CBM as a tool to assess basic reading skills, these data are adding to the argument for 
using oral reading fluency to predict outcomes and intervene with at-risk students. 
Historically, when comparing CBM scores to outcomes on high stakes achievement tests, 
researchers have used scores occurring at the same period of time, such as the spring of 
the academic year (Buck & Torgesen, 2003; Sibley, 2003). The current study used CBM 
scores from the fall to compare with high stakes achievement tests administered in the
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spring of the academic year. This appears to be more practical, as it will provide the data 
schools will need in order to allow adequate time to remediate skill deficits in order to 
increase performance on the high stakes achievement tests. Additionally, this study 
chose cut scores through ROC analysis. The use of this tool allows schools to choose cut 
scores based on outcomes from their own population. When using research standards for 
choosing CBM cut scores, the achievement test given is not taken into account. ROC 
analysis will allow schools to choose cut scores based on outcomes with their specific 
population and high stakes achievement test. The analysis will be discussed in greater 
detail later in this chapter.
Cut Scores
A popular method used to examine the relationship between reading CBM scores 
and outcomes on achievement tests is the use of cut scores. In order to achieve the goal 
of being able to intervene with students who are not making sufficient progress, some 
schools are attempting to use cut scores rather than using percentile ranks from 
benchmarks or district norms (Good, Simmons, Kame’enui, Kaminski, & Wallin, 2002; 
Silberglitt, 2003). A cut score is created in order to predict which students will pass high 
stakes achievement tests and which ones will fail. Different schools establish different 
cut scores when predicting who will pass and who will fail high stakes achievement tests. 
Because each high stakes achievement test and set of reading probes are different, one 
common set of cut scores has not emerged as being better than others. Good and 
colleagues gave recommended cut scores for oral reading fluency. Their
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recommendations were based on predictions of achieving end-of-the-year fluency scores. 
They recommended cut scores of at least 20 words per minute by the winter of first 
grade, 40 words per minute by the end of first grade, 44 words per minute in the fall of 
second grade, 68 words per minute in the winter of second grade, 90 words per minute in 
the spring of second grade, 77 words per minute in the fall of third grade, 92 words per 
minute in the winter of third grade, and 110 words per minute in the spring of third grade 
(Good et al., 2002).
Once established, there are different ways cut scores can be used. One way is by 
establishing a single cut score that represents the CBM score at which students are 
expected to meet expectations on high stakes achievement tests. Figure 2 shows an 
example of a scatterplot of scores with a vertical CBM oral reading fluency cut score.
The horizontal line represents the score needed on the high stakes test in order to pass. 
Students then fall into one of two groups. One group would be the group expected to 
pass the high stakes test. The other group would be the group expected to fail. This 
group would potentially be given more intensive instruction and be monitored more 
closely than the adequate group. The goal is to find a CBM cut score that maximizes the 
probability of correctly predicting where students will fall. In the scatterplot below, only 
one student was predicted to pass but failed the high stakes test. In addition, a large 
amount of students were accurately predicted to fail, indicating that this cut score may be 
adequate.
Another way to use cut scores is to use two, one to predict passing the high stakes 
test and the other to predict failing the test (see Figure 3). This will result in three groups, 
rather than two groups. With two cut scores, reading CBM scores can more adequately
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Figure 3. Illustration of two cut scores.
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reflect the needs of all students. When two cut scores are used to predict student 
outcomes three groups emerge, similar to the three groups emerging when the three-tier 
model is used. One group of students is considered to have mastered the necessary skills. 
This coincides with the benchmark group in the three-tier model. Another group consists 
o f those students requiring intensive remediation and who require frequent monitoring to 
assure they are making progress with their current program, or the intensive group in the 
three-tier model. The third group of students is the group that emerges when using two 
cut scores to classify students. This group coincides with the strategic group in the three- 
tier model of service delivery, consisting of those students whose outcomes are not as 
easily predicted by their CBM score alone. Therefore, their progress should be more 
closely monitored to ensure they are making adequate progress in the curriculum. If  not, 
modifications may need to be made to their reading instruction, but not to the extent of 
the lowest group of students. These students may be described as at-risk.
This model has been used by Good and colleagues (2002) to determine 
instructional recommendations for DIBELS (Good & Kaminski, 2002) scores. They 
have used ROC analysis, described further below, to create three groups of scores. One 
cut score was created in which the likelihood of meeting later benchmarks is 
approximately 80 percent or more. Another was created in order to determine the group 
of students whose likelihood of meeting later benchmarks was less than 20 percent. The 
last group of students is the one whose performance is less likely to be accurately 
predicted based on DIBELS (Good & Kaminski, 2002) scores.
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The slope of student scores on ORF assessments can also be used when predicting 
which students will pass and which will fail achievement tests. This may aid in the 
prediction of student outcomes on high stakes achievement tests because it considers not 
only one ORF score, but allows for the consideration of students’ reading growth over 
time. For example, suppose two third-grade students read 65 words per minute during 
the fall benchmark period. Using only the fall score, a school may provide remediation 
programs to both students. However, by looking at the slope of the student growth over 
time, other decisions may be more appropriate. What if  one student read 90 words per 
minute in the spring of second grade and the other student read 70 words per minute at 
the end of second grade? The instructional decision for these two children based on their 
slopes may be quite different. The first student has a downward slope, suggesting that 
something in her reading program is not effective as she is making no growth. On the 
other hand, the second student’s instruction appears to be doing a good job o f bringing 
her skills closer to those of her peers. These instructional decisions would not be able to 
be made without looking at the slope of these students’ scores.
Stage and Jacobsen (2001) used the slope to compare ORF scores to scores on the 
Washington Assessment of Student Learning (WASL) for 173 fourth-grade students 
using Hierarchical Linear Modeling (HLM). They used scores from the fall, winter, and 
spring to compute an average slope. They found that, on average, students grew 14.79 
words between each assessment. This slope was significantly correlated with scores on 
the WASL (r = .26, p  < .001). They found, however, that students’ oral reading fluency
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scores at each benchmark period (fall, winter, and spring) better predicted outcomes on 
the WASL than the slope of their oral reading fluency scores across the year. Stage and 
Jacobsen (2001) explained this by noting that the growth seen in oral reading fluency 
scores across time decreases as students get older.
The current study attempted to expand the literature in this area by examining the 
predictive ability of the growth of oral reading fluency scores using Direct Logistic 
Regression and Discriminant Function Analysis.
Developmental Differences
Developmental differences are found in both CBM scores and CBM growth 
scores. As expected, CBM scores tend to increase as grade levels increase. For example, 
at the end of first grade, students should be reading at least 40 words correctly per 
minute. By the end of second grade, oral reading fluency scores are expected to be at 
least 90 words correct per minute. Expectations continue to increase through at least 
sixth grade (Good & Kaminski, 2002).
Additionally, developmental differences are expected when considering the 
growth in CBM scores. As students get older, the amount of growth that is observed in 
CBM scores declines (Fuchs, Hamlett, Walz, & Germann, 1993). It is probable that this 
is the case because the emphasis on reading skills switches from more decoding skills to 
a majority of instruction focusing on comprehension skills as students progress through 
grade levels. Because of this, the growth that is seen as students get older declines since
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they are focusing their attention on comprehending text rather than decoding unknown 
words.
Receiver Operating Characteristic
Receiver operating characteristic (ROC) has only recently been utilized in 
educational research (Good et al., 2002). Specifically, Good and colleagues used the 
analysis in order to choose cut scores for DIBELS (Good & Kaminski, 2002) measures. 
Outside of this, little research has looked at ROC analysis as a method of analyzing 
student achievement in an attempt to target students who do not have adequate reading 
skills.
ROC analysis provides a cut score that can then be used to identify students in 
need of further remediation. It was developed by economists and is often used in the 
medical field (Hanley & McNeil, 1982). ROC analysis constructs a curve that looks at 
the probability of an outcome given a predictor. For example, one could assess the 
probability of passing a high stakes test with a particular ORF score. The analysis looks 
at every possible combination of outcome and predictor and computes the probability of 
the combination occurring together. When it has gone through all possible combinations, 
it creates a curve that shows the likelihood of correctly predicting the outcome (Hanley & 
McNeil, 1982). ROC curves model the accuracy of measures at predicting outcomes 
over a range of cut scores (Swetts, 1988). This results in a graph where sensitivity is 
plotted over specificity. Sensitivity is the ability to accurately predict the students who 
will pass the test, or true positives. Essentially, it is the proportion of the number of cases
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identified as passing the test, relative to the total number o f students who actually passed 
the test. Specificity is the ability to accurately predict the students who will fail the test. 
When choosing a cut score to apply to a sample, a balance between sensitivity and 
specificity must be struck.
The advantage and difficulty with using ROC curves to determine cut scores is 
that a decision has to be made about the relationship between the sensitivity and 
specificity (Hanley & McNeil, 1982). This is both the main advantage to ROC curves as 
well as the main disadvantage. It is sometimes difficult to decide what the best balance 
between sensitivity and specificity is ideal. In a school setting, it is often especially 
difficult to find someone with the statistical background necessary to make this decision. 
Generally, with an inflated cut score, greater sensitivity, but lower specificity will be 
obtained. This means that the cut score is very accurate at identifying which students will 
pass the test, but it also has a large number of students who are identified as needing 
remediation who may have adequate reading skills. Therefore, a balance between the 
sensitivity and specificity of a cut score needs to be considered.
Recently, ROC analysis has been used to establish cut scores for ORF 
performance. Good and colleagues (2002) utilized ROC analysis to establish cut scores 
for their early literacy measures, DIBELS (Good & Kaminski, 2002). For each 
benchmark and measure, ROC analysis was used to establish two cut scores, one for 
students who were likely to meet later fluency benchmark scores and one to predict 
which students were unlikely to meet later fluency benchmark scores.
Although the task o f deciding which cut score to use may be difficult, it is also the 
main advantage of the ROC curve. The ability to see how the possible cut scores will
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affect prediction of outcomes is very useful. The issue with finding a balance between 
the sensitivity and specificity of the cut score is one which individual schools need to 
decide according to their unique situation (Hintze, Ryan, & Stoner, 2003). ROC curves 
allow schools with differing resources to consider how they will intervene with at-risk 
students. For example, one school may have more resources to intervene with at-risk 
students. This school may choose to pick a cut score in which specificity is sacrificed for 
greater sensitivity. This will result in a larger number of students receiving remediation 
who do not need it. However, it also results in less students being predicted to pass who 
actually fail the test, which is the main advantage. Another school may not have the 
resources to intervene with a large number of students. This school has a couple of 
options. First, it may use the cut off score to choose students to further assess for 
remediation needs. In addition, the school may choose to strike more of a balance 
between sensitivity and specificity. This school will strive for achieving the largest 
amount of sensitivity possible without sacrificing specificity.
Because of its use with determining cut scores with DIBELS (Good & Kaminski, 
2002), ROC will be used in the current study to determine cut scores. Instead of using 
ROC to choose cut scores based on later fluency benchmarks, ROC will be used in the 
current study to choose cut scores based on the probability of meeting proficiency on a 
high stakes reading comprehension test.
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Another type of analysis that will be utilized in the proposed study is direct 
logistic regression. Direct logistic regression is appropriate for the prediction of 
outcomes on high stakes tests mainly due to its flexibility. Direct logistic regression 
allows for the prediction of an outcome (i.e., proficiency) from a set of continuous, 
discrete, and/or dichotomous variables. The goal of direct logistic regression is to predict 
group membership for individual cases (Tabachnick & Fidell, 2001). There are three 
main steps in logistical analysis. First, a relationship is established between the outcome 
and the predictors. Second, the model is simplified by eliminating some predictors while 
still maintaining strong predictive ability. Last, the resulting equation is used to predict 
outcomes for new cases (Tabachnick & Fidell, 2001).
Logistic models are compared to each other to assess their predictive ability. 
Possible models include a constant model with no predictors, an incomplete model which 
includes some predictors, a full model with all predictors, and a perfect, or hypothetical, 
model which provides an exact fit (Tabachnick & Fidell, 2001). The models are 
compared against each other in order to determine their ability to predict outcomes. For 
example, the constant model may be compared with an incomplete model in order to see 
how much some of the predictors affect prediction outcomes. In another case, a model 
may be tested against the perfect model in order to determine how close to an exact fit the 
model provides. Models are contrasted by examining the difference of the log-likelihood 
for each model. Log-likelihoods show how accurate a model is at predicting an outcome, 
as it is the sum of the probabilities of the predicted and actual outcomes for each case
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
36
included (Tabachnick & Fidell, 2001). Goodness-of-fit indices are then evaluated to 
determine the ability of the model to accurately predict group membership.
The main advantage of using direct logistic regression for predicting high stakes 
achievement test outcomes is that you can use a combination of continuous, dichotomous, 
and discrete variables in the equation (Tabachnick & Fidell, 2001). This allows for more 
flexibility in analysis. For example, you could include not only reading CBM scores, but 
also pass/fail scores from a vocabulary measure to determine if the two scores together 
are more predictive of outcomes than one measure alone. This may be useful across time 
as more research in this area is conducted.
The main disadvantage to using direct logistic regression for achievement test 
outcome prediction is that an absence of multicollinearity is an assumption for this 
statistical methodology (Tabachnick & Fidell, 2001). It is possible to use scores from 
different periods of time in the equation as well. It is likely, however, that reading CBM 
scores will be correlated over time. For this reason, it may be preferable to determine 
ahead of time how many benchmark data points will result in the best predictive ability.
If  only one or two data points are necessary, then this assumption may not be violated.
Discriminant Function Analysis
Discriminant analysis is useful for the prediction of outcomes on high-stakes tests 
because several predictors can be entered into an equation and combined to predict group 
membership (Tabachnick & Fidell, 2001). Discriminant analysis is a statistical technique 
that can be used when one variable is discrete and there are multiple continuous
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variables. A discriminant function is a decision rule for classifying cases into dimensions 
along which groups differ (Tabachnick & Fidell, 2001). These discriminant functions are 
combined to form classification equations that serve to predict group membership. Each 
case is put into each classification equation and assigned to the group for which it has the 
highest classification score (Tabachnick & Fidell, 2001). Discriminant analysis examines 
the patterns among the predictors as a whole to understand the dimensions along which 
the groups (DV) differ. Independent variables in discriminant analyses are the predictors 
(i.e. ORE scores, growth scores), and dependent variables are the groups (i.e. proficient, 
less than proficient; Tabachnick & Fidell, 2001).
Similar to logistic regression, discriminant analysis also assumes an absence of 
multicollinearity (Tabachnick & Fidell, 2001). When using reading CBM scores this is 
something that will need to be taken into consideration and examined prior to the 
interpretation of results. Other assumptions include equal sample sizes among groups, 
linearity, and an absence of outliers. Additionally, homogeneity of variance-covariance 
matrices is an assumption with discriminant analysis; therefore a test of homogeneity of 
variance-covariance matrices is necessary.
Choosing between logistic regression and discriminant analysis may be a difficult 
task. Press and Wilson (1978) argue that it is better to use logistic regression when the 
assumption of normality is not met and discriminant analysis when the assumption is met. 
They also point out, however, that it is likely that the two methodologies will provide 
similar results (Press & Wilson, 1978). Silberglitt (2003) also found that logistic 
regression and discriminant function analysis yielded similar results when predicting 
outcomes on a high stakes achievement test using reading CBM scores. There is not a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
38
large body of research using multiple methods to use CBM scores to predict outcomes on 
high stakes achievement tests. This makes it difficult to know which methodology is 
more appropriate when using multiple predictors, such as reading CBM scores and 
growth scores.
Research Questions and Predictions
The current study examined possible improvements to current methodology 
predicting outcomes on high stakes achievement tests. Specifically, three methodologies 
were examined. The first two methodologies used were discriminant function analysis 
and direct logistic regression. The results from the two methods were compared for 
similarities and differences in terms of the predictors that each finds significant. These 
methodologies were chosen based on a table found in Tabachnick and Fidell (2001, p.
28).
Because rate of growth scores are another piece of fluency data that may play a 
role in predicting outcomes on high stakes achievement tests (Stage & Jacobsen, 2001), 
these were included in both the discriminant function analysis and the direct logistic 
regression. Last, the use of ROC analysis in an attempt to predict outcomes on high 
stakes achievement tests was explored. The following questions were addressed through 
the proposed study.
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Research Question 1: Are both oral reading fluency scores and growth scores predictive
of outcomes on high stakes achievement tests using discriminant function analysis?
Discriminant function analysis was used to predict outcomes on a high stakes 
achievement test. The predictors were reading CBM scores and CBM growth scores.
The discriminant function will be examined at each grade level in order to determine if 
both CBM scores and growth scores are predictive of outcomes on a high stakes 
achievement test. Growth scores have been used over time to determine how much 
growth individual students can be expected to make in oral reading fluency (Fuchs et al., 
1993). The addition of these scores into the prediction of outcomes on high stakes tests is 
an interesting opportunity. It may be especially useful for students whose CBM scores 
are within the strategic range. Since outcomes for this group of students are not expected 
to be accurately predicted using cut scores only, using a different measure may add 
predictive ability.
Analyses were conducted for each grade level, from Grades 2 through 8. 
Additionally, a discriminant function analysis was conducted with grade as an additional 
predictor, in order to determine if developmental differences are a factor in the prediction 
of outcomes on high stakes achievement tests. Developmental differences in CBM 
scores are found in both CBM scores (Good & Kaminski, 2002) as well as growth scores 
(Fuchs et al., 1993). These differences were further examined, as they affect the ability 
to predict outcomes on a high stakes test.
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It was predicted that both the ORF score and the ORF growth score would be 
significant predictors in the direct discriminant function analysis at all grade levels. 
Additionally, it was expected that the additional variable of grade would also 
significantly predict outcomes on the ITBS-RC with that analysis.
Research Question 2: Are both oral reading fluency scores and growth scores predictive 
of outcomes on high stakes achievement tests using direct logistic regression?
Direct logistic regression was used to predict outcomes on a high stakes 
achievement test. The predictors used were reading CBM scores and CBM growth 
scores. The use of both CBM scores and longitudinal data in the form of growth scores 
when predicting outcomes on high stakes achievement tests were examined.
Growth scores have been used over time to determine how much growth 
individual students can be expected to make in oral reading fluency (Fuchs et al., 1993). 
The addition of these scores into the prediction of outcomes on high stakes tests is an 
interesting opportunity. It may be especially useful for students whose CBM scores are 
within the strategic range. Since outcomes for this group of students are not expected to 
be accurately predicted using cut scores only, using a different measure may add 
predictive ability.
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It was predicted that the full direct logistic model would be the best logistic model 
to predict outcomes on the ITBS-RC in all analyses. This model includes all predictors 
as well as the interaction between the predictors. This was predicted because it was 
expected that both the ORF score and the growth of oral reading fluency over time would 
aid in the prediction of ITBS-RC outcomes.
Research Question 3: Will cut scores chosen through ROC analysis be significantly 
different from established oral reading fluency cut scores?
ROC analyses were utilized as they allow for the determination of two cut-scores 
based on the ability of oral reading fluency scores to predict outcomes on a high stakes 
achievement test assessing reading comprehension. These cut scores were then compared 
to the ability of the cut scores derived from Good and colleagues (2002) to predict 
outcomes on later fluency assessments.
As discussed previously, cut scores are a simple way of evaluating reading skills 
in order to determine if a student is on track to being a successful reader. In order to 
increase the ability to correctly predict outcomes on high stakes tests, it may be useful to 
use two cut scores. This may allow for the more accurate prediction of who will pass and 
who will fail high stakes tests, allowing for the remediation of skills when students are 
not meeting expectations.
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Additionally, this practice is appropriately aligned with the three-tiered model of 
service delivery. Best practice suggests that there are three groups of students: 
adequately performing, at-risk, and those requiring significant remediation. Benchmark 
data taken three times each year are recommended for those students who are performing 
within the expected range in their curriculum. Additionally, low-performing students 
(often those receiving special education services) should be monitored once or twice a 
week (Fuchs, 1989). The middle group of students, or those whose likelihood of meeting 
standards cannot be predicted, can be monitored more frequently than the higher- 
performing group but less frequently than the lowest-performing group (i.e. every other 
week). When they are not achieving at a rate commensurate with their peers, 
interventions can be delivered earlier than if they were monitored on a more infrequent 
basis.
There are several advantages to using cut scores when predicting outcomes on 
high stakes achievement tests. One advantage of having cut scores for intervening with 
students in schools is their ease of use. Teachers administering CBM probes can easily 
see which students require further remediation. Having cut scores also results in less 
turnaround time, as other school personnel do not have to compile the data and determine 
which students are performing below a certain percentile for that period of time. 
Additionally, when all students performing below a certain local percentile are given 
remediation, other problems arise. In higher performing districts, students who would be 
likely to pass high stakes achievement tests may be given unnecessary remediation, while 
in low-performing districts, students requiring extra instruction to pass the high stakes 
tests may be overlooked.
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It was predicted that cut scores, chosen through ROC analysis based upon the 
ability of oral reading fluency scores to predict scores on the ITBS-RC in the spring, 
would correctly predict a higher percentage of students’ outcomes on the ITBS-RC than 
cut scores established through Good and colleagues (2002).
Research Question 4: Are results from the discriminant function analysis, logistic 
regression analysis. DIBELS cut scores, and this study’s cut scores different from each
other?
A fourth research question compared the results from the logistic regression, 
discriminant function analysis as well as total correct predictions from cut scores chosen 
specifically for this sample.
Prediction 4
It was predicted that the results o f direct logistic regression analyses and 
discriminant function analysis would be different from those obtained through the ROC 
analysis. It was expected that the ROC analysis would result in a significantly higher 
percentage of students being correctly classified than both direct logistic regression and 
discriminant function. This was expected because ROC cut scores were chosen 
specifically for this sample of students.




The participants in this study were 847 students in first through eighth grade from 
a small, rural, midwestern town. Data were available from the 2003-2004 and 2004-2005 
academic years. Regarding students from each grade level (03-04/04-05), there were 129 
lst/2nd, 121 2nd/3rd, 118 3rd/4th, 116 4th/5th, 130 5th/6th, 107 6th/7th, and 126 7th/8th 
grade students. O f the sample, 443 students were male (52%) and 404 were female 
(48%). Table 2 indicates the percentage of participation at each grade level, based on 
2004-2005 enrollment rates. Data were not available for a small percentage of students 
due to incomplete data during the 2004-2005 academic year. Additionally, some 
analyses had slightly fewer students due to a lack of data during both years of the study. 
Missing data were assumed to be due to high levels of students moving into and out o f 
the district.
The population of the school district is largely low income. In the current study, 
59% of the students receive either free or reduced lunch. Additionally, there is a large 
minority population in the district, with 38% of the sample being Hispanic. Complete 
demographic information can be found in Table 3. Demographics are included for the
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“total sample” as well as the “reduced sample” that was required to be used in some 
analyses due to missing data. The data collected in this study were data routinely 
collected on all students in the given grades in the participating district. IRB approval for 
exemption was sought to use these extant data for the proposed study (see Appendix A). 
The database used for the proposed study does not contain identifying information, such 
as student names and birthdates. This was done to assure anonymity.
Table 2
Participants and Total Population by Grade Level (2004-2005)
Grade # of Participants # Enrolled (04-05)
Percentage o f Students 
Participating
1 st/2 nd 129 135 96%
2nd/3rd 1 2 1 131 92%
3rd/4th 118 127 93%
4th/5th 116 124 94%
5th/6th 130 143 91%
6th/7th 107 1 2 1 8 8 %
7th/8th 126 140 90%
All Grades 847 921 92%




Characteristic Total Sample: 
n







2nd 129 15% 111 14%
3rd 121 14% 109 14%
4th 118 14% 108 14%
5 th 116 14% 104 13%
6th 130 15% 126 16%
7 th 107 13% 106 14%
8 th 126 15% 121 15%
Gender
Female 404 48% 377 48%
Male 443 52% 408 52%
Ethnicity
Caucasian 508 60% 475 61%
Hispanic 318 38% 295 38%
African American 9 1% 4 1%
Asian 11 1% 10 1.3%
Pacific Islander 1 .1% 1 .1%
Free/Reduced Lunch 497 59% 455 58%
Special Ed. Services 128 15% 122 16%
English Language Learners 63 7% 58 7%
Gifted/Talented 82 10% 79 10%
Total 847 100% 785 100%




Reading Curriculum-Based Measurement required students to read for one minute 
from a passage at their grade level. The administrator of the test assessed the number of 
words students read correctly. Each student read from three passages and the median 
score was used for the current study.
Trained administrators administered passages. Administrators consisted of 
teachers, associates, school psychologists, speech-language pathologists, special 
education consultants, and secretaries. Scorers were required to reach 98% accuracy on 
an inter-rater reliability assessment before administering reading CBM. Training 
occurred the morning of CBM administration for those who had not been trained in the 
past and a 45-minute refresher was provided to those who had administered the 
assessment previously.
Passages used included DIBELS passages in first through sixth grades (Good & 
Kaminski, 2002) and Jamestown reading passages in Grades 7 and 8  (Spargo, 1989). 
DIBELS (Good & Kaminski, 2002) passages were obtained through the DIBELS website 
and Jamestown passages were purchased.
The same three passages were used for each student in a given grade, in both the 
2003-2004 and 2004-2005 academic years. Additionally, the same three passages were 
used at each testing period. Examples of passages used during this study can be found in 
Appendices B through I.
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Reliability and validity evidence for reading CBM were presented in Chapter 2 of 
this document.
Iowa Test of Basic Skills IITBS)
The Iowa Test of Basic Skills (ITBS; Hoover et al., 2003) is an academic 
achievement test designed for students in kindergarten through eighth grade. It measures 
academic achievement in the areas of reading, language, mathematics, science, social 
studies, and information sources. The current version of the test was normed in 2000, 
using a large national sample of students. The study used scores from the Reading 
Comprehension test of the ITBS (ITBS-RC). The reading comprehension test assesses 
different things at different levels. For second-grade students (taking level 7 of the 
ITBS), the test involved students answering questions about a picture that tells a story as 
well as comprehension of sentences and stories. At this grade level, the test questions 
assess factual and inferential comprehension (Hoover et al., 2003).
For third- through eighth-grade students, taking levels 9 through 14 of the ITBS, 
the test involved reading passages that vary in both difficulty and length. Students have a 
time limit in which to complete the test, unless they have an IEP or Section 504 plan that 
indicates they receive extended time. The passages at these grade levels include several 
different types of text, including narratives, expository nonfiction selections, poems, and 
science and social studies topics (Hoover et al., 2003). The test at this level includes 
factual questions, inferential questions, and analysis and generalization questions, with 
two thirds of the questions assessing inferences or generalizations (Hoover et al., 2003).
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The standardization of the ITBS was completed through stratified sampling 
procedures. The standardized sample sizes for Grades 2 through 8  were between 
approximately 50,000 and 53,000 students per grade level (Hoover et a l , 2003). 
Equivalent forms reliabilities in the spring national sample ranged from .87 to . 8 8  for the 
Reading Total of the ITBS (Hoover et al., 2003). The ITBS was also compared with the 
Cognitive Abilities Test, Form 6  (COGAT). Correlations between the Reading Total and 
the COGAT Verbal Score ranged from .69 to .84 (Hoover et al., 2003). Correlations 
between the Reading Total and the COGAT Quantitative Score ranged from .61 to .69 
(Hoover et al., 2003).
The current study used the Reading Comprehension score, coded as a 
dichotomous variable. Scores meeting the state proficiency requirement of at least the 
41st National Percentile Rank were considered “Proficient” on the test, while scores 
below the 41st National Percentile Rank were considered “Less Than Proficient.”
Procedure
Students were administered reading CBM in a large group setting. Several 
district employees were taught to administer reading CBM. Computer labs and the media 
center were used for testing. Test administrators were seated in various locations 
throughout the rooms and students were brought into the room and paired up with 
administrators. Each student received standardized directions and then read three grade- 
level passages aloud for one minute each. The median score from the three passages was
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recorded. Oral reading fluency scores from years 2003-2004 and 2004-2005 were used in 
the current study. Table 4 contains the oral reading fluency scores used.
The ITBS-RC was administered in a classroom setting with standardized 
directions read aloud by teachers. All students in Grades 2 through 11 take district-wide 
standardized achievement tests yearly. The proposed study used ITBS-RC proficiency 
from students who were in Grades 2 through 8  during the 2004-2005 academic year. 
These scores were used as a dichotomous variable with students scoring at or above the 
41st percentile being categorized as proficient and those below as less than proficient.
Table 4
Oral Reading Fluency Administration Schedule by Grade Level
Time Period 2nd to 5th Grade 6 th Grade to 8 th Grade
Fall: 2004 -  2005 Yes No
Fall: 2003 - 2004 Yes Yes
Spring: 2003-2004 Yes Yes
Design and Analyses
There are several purposes for the current study. The utility of discriminant 
function analysis when using longitudinal data to predict outcomes on high stakes 
achievement tests was considered. Additionally, the utility of logistic regression was
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examined as it related to the prediction of outcomes on high stakes achievement tests. 
Last, a comparison of different methods of determining ORF cut scores was completed. 
The comparison focused on using either future fluency benchmarks, as done by Good and 
colleagues (2 0 0 2 ) or using standardized achievement test scores to determine cut scores. 
In order to choose cut scores for the current study, ROC analyses was used. Through this 
analysis, described in Chapter 1, cut scores were chosen based on the probability of 
correctly predicting which students will likely score within the proficient range on the 
ITBS-RC and which will likely score in the less than proficient range on the ITBS-RC.
Summary of Predictions
Research Question 1: Are both oral reading fluency scores and growth scores predictive 
of outcomes on high stakes achievement tests using discriminant function analysis?
The ability to predict outcomes on the ITBS-RC using ORF scores and ORF 
growth scores were examined through discriminant function analysis. Separate analyses 
were conducted at each grade level, resulting in seven total analyses.
For all discriminant function analyses, the dependent variable, or outcome 
variable, was proficiency on the ITBS-RC. The independent variables, or predictor 
variables, were the ORF score and the ORF growth score. The ORF growth score at all 
grades was computed by subtracting the Fall 2003-2004 ORF score from the Spring 
2003-2004 ORF score. The Fall 2004-2005 ORF score was used for students in Grades 2
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through 5 and the spring of the 2003-2004 academic year ORF score was used for 
students in Grades 6  through 8 .
In addition to the separate grade analyses, another analysis was conducted with all 
students together and grade entered as an additional predictor variable.
Prediction 1
It was predicted that both the ORF score and the ORF growth score would be 
significant predictors in the direct discriminant function analysis at all grade levels. 
Additionally, it was expected that the additional variable of grade would also 
significantly predict outcomes on the ITBS-RC with that analysis.
Research Question 2: Are both oral reading fluency scores and growth scores predictive 
of outcomes on high stakes achievement tests using direct logistic regression?
Logistic regression analysis was used to predict outcomes on the ITBS-RC. 
Separate analyses were computed at each grade level with proficiency on the ITBS-RC as 
the dependent variable, or outcome variable. The predictor variables, or independent 
variables, were oral reading fluency scores and oral reading fluency growth scores.
In addition to the separate grade analyses, a logistic regression analysis was 
computed with all students included. Grade was added as an additional predictor, or 
independent, variable.
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It was predicted that the full direct logistic model would be the best logistic model 
to predict outcomes on the ITBS-RC in all analyses. This model includes all predictors 
as well as the interaction between the predictors. This was predicted because it was 
expected that both the ORF score and the growth of oral reading fluency over time would 
aid in the prediction of ITBS-RC outcomes.
Research Question 3: Will cut scores chosen through ROC analysis be significantly 
different from established oral reading fluency cut scores?
Prediction 3
It was predicted that cut scores, chosen through ROC analysis based upon the 
ability of oral reading fluency scores to predict scores on the ITBS-RC in the spring, 
would correctly predict a higher percentage of students’ outcomes on the ITBS-RC than 
cut scores established through Good and colleagues (2002).
A ROC analysis was computed at each grade level with CBM scores and 
outcomes on the ITBS-RC from spring of the 2004-2005 academic year entered. 
Outcomes on the ITBS-RC will be entered as a dichotomous variable, with scores above 
the 40th percentile rank entered as “proficient” on the test and those below the 41st 
percentile rank coded as “less than proficient” on the test. These cut points are based 
upon Iowa’s proficiency expectations for NCLB. Oral reading fluency scores used in the
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analysis were from the fall of the 2004-2005 academic year for students in Grades 2 
through 5 and from the spring of the 2003-2004 academic year for students in Grades 6  
through 8 . The specificity and sensitivity will be compared to find the best fitting cut 
scores.
The cut scores from research standards used in this study were those used by 
Good and colleagues (2002) and can be found in Table 5. Cut scores of 44, 77, 93, and 
104 words per minute were used for scores in the fall of second, third, fourth, and fifth 
grade, respectively. For students whose ORF scores were taken in the spring of the 2003- 
2004 academic year (Grades 6 -8 ), cut scores were based off the Spring ORF benchmark. 
Therefore, students in sixth grade had a cut score of 124, while those in seventh and 
eighth grade had a cut score of 125 (Good et al., 2002).
Table 5
Good and Colleagues Fluency Cut Scores (Fall)
Grade At Risk Some Risk Low Risk
2 Below 26 26 to 43 At least 44
3 Below 53 53 to 76 At least 77
4 Below 71 71 to 92 At least 93
5 Below 81 81 to 103 At least 104
6 Below 83 83 to 108 At least 109
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The cut scores derived from each method were compared to outcomes on the 
ITBS-RC to get a percentage of outcomes accurately identified by each method. It was 
predicted that the percentage of ITBS-RC outcomes accurately predicted by cut scores 
chosen through ROC analysis would be greater than those predicted through cut scores 
predicting later CBM benchmarks.
Research Question 4: Are results from the discriminant function analysis, logistic 
regression analysis. DIBELS cut scores, and this study’s cut scores different from each
other?
Prediction 4
It was predicted that the results of direct logistic regression analyses and 
discriminant function analysis would be different from those obtained through the ROC 
analysis. It was expected that the ROC analysis would result in a significantly higher 
percentage of students being correctly classified than both direct logistic regression and 
discriminant function. This was expected because ROC cut scores were chosen 
specifically for this sample of students.
In these analyses, the percentage of students correctly identified by each 
methodology was the dependent variable. The independent variable was the 
methodology used.
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CHAPTER 4
PRELIMINARY ANALYSES
Prior to investigating the research questions, multiple preliminary analyses were 
conducted, including descriptive statistics and correlation analyses in order to compare 
performance to past studies. A reference of scores used throughout the analyses can be 
found in Table 6 . Student proficiency on the ITBS-RC in the spring of the 2004-2005 
academic year was one measure that was used in the current study. This was the outcome 
measure that was used in each analysis. Proficiency was coded as either proficient, 
meaning scoring at the 41st percentile or above, or less than proficient, indicating a score 
below the 41st percentile rank.
Oral reading fluency (ORF) scores were also used in the current study. For 
students in Grades 2 though 5, oral reading fluency scores from the fall of the 2004-2005 
academic year were used. For students in Grades 6  through 8 , ORF scores from the 
spring of the 2003-2004 academic year were used. Fall 2004-2005 scores were not 
available for students in Grades 6  through 8 . For analyses in which students in all grades 
were included in the same analysis, the ORF score from the spring of the 2003-2004 
academic year was used in order to have the same data point for all students.
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Table 6
Measures Used in the Current Study by Grade
Measure 2nd -  5 th Grades 6 th -  8 th Grades
ITBS-RC Proficiency: Spring 04- 
OS Proficient/Less than Proficient
Yes Yes
Fall 04-05 ORF Yes No
Spring 03-04 ORF Yes Yes
ORF Growth:
Fall 2003 to Spring 2004
Yes Yes
Descriptive Statistics
Descriptive statistics were computed on ORF scores and ITBS-RC scores.
Sample sizes, means, and standard deviations can be found in Table 7. Scores are listed 
by grade and proficiency. ORF scores from the fall of the 2004-2005 academic year were 
used for students in Grades 2 through 5 and from the spring of the 2003-2004 academic 
year for students in Grades 6  through 8 . As would be expected, the mean ORF score 
increased as each grade level increased.
ORF growth scores were computed by subtracting the ORF score from the fall of 
the 2003-2004 academic year from the ORF score from the spring of the 2003-2004 
academic year. This gives a growth score that represents the number of words the student 
gained over the course of one academic year.
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Table 7
Descriptive Statistics fo r  Fluency Scores and Growth Scores (2003-2004)
G rade/P ro ficiency O RF O RF G row th  Fall03  to Spring  04
N M SD N M SD
2nd G rade 129 49 27.53 111 34 16.58
P rofic ien t 94 57 26.16 85 38 15.71
L ess than P ro fic ien t 35 26 15.66 26 19 9.69
3 rd  G rade 121 80 36.94 109 45 21.39
P rofic ien t 79 97 30.77 72 52 20.58
L ess than P ro fic ien t 42 48 24.91 37 33 16.86
4th  G rade 118 90 33.68 108 30 17.71
Profic ien t 80 103 28.96 71 34 18.21
L ess than P ro fic ien t 38 62 24.51 37 24 15.15
5th G rade 116 117 41 .54 104 34 15.16
P rofic ien t 64 137 39.36 58 38 14.77
L ess than P ro fic ien t 52 94 30.82 46 30 14.41
6th G rade 130 150 42.25 126 27 18.21
P rofic ien t 61 180 31.25 60 29 18.90
L ess than P ro fic ien t 69 124 32.14 66 26 17.62
7 th G rade 107 129 43.71 106 14 14.80
P rofic ien t 58 155 33.81 58 13 16.69
L ess than P ro fic ien t 49 99 33.73 48 15 12.17
8th G rade 126 141 40 .14 121 18 15.53
P rofic ien t 87 155 35.52 84 18 15.36
L ess than P ro fic ien t 39 109 30.60 37 18 16.11
Note. ORF scores from Fall 04-05 (2nd through 5th) and Spring 03-04 (6 th through 8 th).
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The Fall 2004-2005 ORF scores were significantly correlated with the Spring 
2003-2004 ORF scores, with a correlation coefficient o f .95 and a significance level of p  
< .001 (r -  .95). ORF scores at both time points were also correlated significantly with 
ITBS-RC proficiency (rs = .34, 38; ps < .001). ORF growth scores were also 
significantly correlated with ITBS-RC proficiency (r = .20; p  < .001), as well as with 
ORF scores in both the fall of 2004-2005 and in the spring of 2003-2004 (rs = .39, .14, 
respectively; ps < .001). Correlation coefficients, as well as their corresponding sample 
sizes, can be found in Table 8 .
Table 8
Correlations Between Measures -  Total Sample
Measure Fall 04-05 ORF Spring 03-
ORF Growth 04 ORF
ITBS-RC .38** .2 0 ** .34**
Proficiency (484) (785) (810)






**p < .0 0 1 .
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Correlations between measures were examined at each grade level (see Tables 9 
and 10). This was done in order to compare correlations between grade levels as well as 
to compare correlations to those in previous studies examining the relationship between 
high stakes achievement tests and oral reading fluency. ITBS-RC proficiency was 
significantly correlated with the Fall 2004-2005 ORF score at Grades 2 to 5 (rs = .51-.63; 
p s  < .001). At the sixth through eighth grades, ITBS-RC proficiency was significantly 
correlated with ORF scores in the spring of 2003-2004 (rs = .53-.6 6 ; ps < .001). 
Correlations were similar to those obtained in previous research (Fuchs et al., 1993; Stage 
& Jacobsen, 2001).
Growth scores were significantly correlated with ORF scores in Grades 2 through 
6  and 8  (rs = .24-.72; ps < .01). At the seventh-grade level the correlation between 
growth in ORF and ORF was .18 {p > .05). Growth scores were also significantly 
correlated with ITBS-RC proficiency at Grades 2 through 5 (rs = .25-.49; p s  < .01). ORF 
growth scores and ITBS-RC scores were not significantly correlated at the sixth- through 
eighth-grade levels (rs -.09-.07; p  < .05).
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Table 9
Correlations Between Measures in Second through Fifth Grades
Grade/Measure Fall 04-05 ORF ORF Growth: 
Fall 03 to Spring 04
2
ITBS-RC Proficiency .51*** (n=129) .49*** (n= 111)
Fall 04-05 ORF .72*** (n= 111)
3
ITBS-RC Proficiency 6 3 * **(n=i21) .43*** (n=109)
Fall 04-05 ORF .56*** (n=109)
4
ITBS-RC Proficiency 58***(n= i is ) .25** (n=108)
Fall 04-05 ORF .34*** (n=108)
5
ITBS-RC Proficiency .5!*** (n=l 16) .28** (n=104)
Fall 04-05 ORF .48*** (n=104)
**p <  .01. ***p <  . 0 0 1 .
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Table 10
Correlations Between Measures in Sixth through Eighth Grades
Grade/Measure Spring 03-04 ORF ORF Growth: 
Fall 03 - Spring 04
6
ITBS-RC Proficiency .66***(n=130) .07 (n =  126)
Spring 03-04 ORF .24** (n=126)
7
ITBS-RC Proficiency .64*** (n=107) -.09 (n =  106)
Spring 03-04 ORF .18 (n = 106)
8
ITBS-RC Proficiency .53*** (n =  126) .02 (n = 121)
Spring 03-04 ORF .32*** ( n =  121)
**p <  .01. ***p <  . 0 0 1 .




Summary of Predictions and Analyses 
Prediction 1: Supported
The first prediction focused on the ability of discriminant function analysis to 
predict outcomes on the ITBS-RC. It was predicted that both the ORF score and the 
growth score would be significant predictors in the direct discriminant function analysis 
at all grade levels. Additionally, it was expected that the additional variable of grade 
would also significantly predict outcomes on the ITBS-RC with that analysis.
Discriminant function analyses were computed with all grade levels together as 
well as for each grade level. For each analysis, the predictors used were ORF scores and 
ORF growth scores. For Grades 2 through 5, ORF scores from the Fall 2004-2005 
academic year were used. For Grades 6 through 8, ORF scores from the spring of the 
2003-2004 academic year were used. For all grade levels, the ORF growth score was 
computed by subtracting the Spring 2003-2004 ORF score from the Fall 2003-2004 ORF 
score. The outcome variable was ITBS-RC proficiency from the spring of the 2004-2005 
academic year.
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The results of the discriminant function analyses computed for each grade level 
showed that ORF scores and ORF growth scores were combined to predict outcomes on 
the ITBS-RC at all grade levels. Discriminant function statistics can be found in Table 
11. At second grade, growth in ORF scores was more highly correlated with the 
discriminant function than ORF scores (rs = .94, .8 6 , respectively). At the third- through 
eighth-grade levels, ORF scores were more highly correlated to the discriminant 
functions than the ORF growth scores. Correlation coefficients at each grade level can be 
found in Table 12.
Table 11
Discriminant Function Analyses Statistics
Grade Wilks’ Lambda Chi-Square Eigenvalue
2 7 4 *** 32.77 .35
3 62*** 50.19 .61
4 64*** 47.53 .57
5 72*** 32.51 .38
6 .55*** 73.07 .81
7 6 6 *** 60.76 .80
8 71*** 41.19 .42
*** p  <  . 0 0 1 .
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Table 12
Correlations Between Predictors and the Discriminant Functions








A discriminant function analysis was also computed with all grade levels, adding 
grade as a predictor variable. Results indicated that Grade, ORF in the spring of the 
2003-2004 academic year, and growth in ORF from the 2003-2004 academic year were 
combined to predict outcomes on the Spring 2004-2005 ITBS-RC with an Eigenvalue of 
.30 and a Wilk’s lambda of .77 {p < .001). ORF was the predictor variable most highly 
correlated with the discriminant function. Correlations with the discriminant function 
were .65 for ORF, .37 for growth in ORF, and -.16 for Grade.
The prediction that both ORF scores and ORF growth scores would predict 
outcomes on the ITBS-RC using discriminant function analysis was supported.
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The second prediction examined the ability of logistic regression to predict 
outcomes on the ITBS-RC. It was predicted that the full direct logistic model would be 
the best logistic model to predict outcomes on the ITBS-RC in all analyses. This model 
includes all predictors as well as the interaction between the predictors. This was 
predicted because it was expected that both the ORF score and the growth of oral reading 
fluency over time would aid in the prediction o f ITBS-RC outcomes.
Results from the direct logistic regression analysis including all grade levels in a 
single analysis indicated that all predictors, or independent variables, were significant 
predictors of outcomes on the Spring 2004-2005 ITBS-RC with a Wald statistic of 121.03 
for ORF (p < .001), 4.63 for ORF growth (p < .05), and 77.55 for Grade (p < .001). 
Predictors included the ORF score from the spring of the 2003-2004 academic year, ORF 
growth score from the 2003-2004 academic year, and grade. The overall Nagelkerke R 
Square was .33. Additionally, both ORF in the spring o f the 2003-2004 academic year 
and Grade were predictive at the < .001 level. The ORF growth score was predictive at 
the p  < .05 level.
Direct logistic regression analyses were also computed at individual grade levels, 
with ORF growth from the 2003-2004 academic year, and ORF scores used as predictor 
variables. For Grades 2 through 5, ORF scores from the fall of the 2004-2005 academic 
year were used in the analyses. At Grades 6 through 8, ORF scores from the spring o f the 
2003-2004 academic year were used as predictor variables. Wald statistics for direct 
logistic regression analyses at individual grade levels were significant, indicating that the
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predictors, or independent variables (ORF score and ORF growth score), were related to 
the outcome, or dependent, variable (ITBS-RC proficiency). The overall amount of 
variance explained by the combination of independent variables in the overall analyses 
ranged from 37 percent to 60 percent, based on the Nagelkerke R Square statistic. Wald 
statistics, Nagelkerke R Square, B statistics, and significance levels for all analyses can be 
found in Table 13.
Results were consistent at most grade levels. At the third- through sixth-grade 
levels, only ORF scores were predictive in the logistic equations, with significance levels 
at the p  < .001 level at all grade levels. At those grade levels (third through sixth), the 
growth in ORF score was not a significant predictor, with significance scores ranging 
from p  = .28 to p  = .92.
Differences were found in Grades 2, 7, and 8. At the second-grade level, only the 
growth in ORF score was a significant predictor of outcomes on the ITBS-RC (p = .04), 
with the ORF score approaching significance (p = .08).
At the seventh- and eighth-grade levels, both ORF scores as well as ORF growth 
scores were significant predictors of ITBS-RC proficiency. At the seventh-grade level, 
oral reading fluency was related to ITBS-RC proficiency at the p  < .01 level and ORF 
growth was correlated at the p  = .02 level. At the eighth-grade level, ORF was predictive 
of ITBS-RC proficiency at the p  < .001 level and growth was predictive at the p  < .05 
level.
Prediction two was partially supported. At the seventh- and eighth-grade levels, 
both ORF scores and ORF growth scores were predictive of outcomes on the ITBS-RC, 
but at other grade levels, only either ORF scores or ORF growth scores were predictive.
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Table 13
Wald Statistics, Nagelkerke R Square, and B Statistics fo r  Direct Logistic Regression
Analyses
G radc/V  ariable W ald N agelkerke  R  Square B SE B
2nd  G rade 27 .94  (n  =  111) .46 1.19 .22
O R F 3.05 — .05 .03
G row th 4.39* — .08 .04
3rd  G rade 10.83 (n= 109) .54 .67 .20
O R F 15.17*** — .06 .02
G row th .38 — .01 .02
4th  G rade 10.33 (n= 108) .51 .65 .20
O R F 21.57*** — .06 .01
G row th .03 — .003 .02
5 th G rade 1.38 (n= 104) .37 .23 .20
O R F 16.43*** — .04 .01
G row th .01 — .00 .02
6th G rade .29 (n= 126) .59 -.10 .18
O R F 32.03*** — .06 .01
G row th 1.19 — -.02 .02
7th G rade .94 (n= 106) .59 .19 .20
O R F 28.00*** — .06 .01
G row th 5.64* — -.05 .02
8th G rade 17.27 (n=  121) .42 .82 .20
O R F 26.06*** — .05 .01
G row th 3.72* — -.04 .02
* p  <  .05. * * p  <  .01. * * * p  <  . 0 0 1
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Prediction three examined the utility of ROC analysis to choose cut scores that 
would predict outcomes on the ITBS-RC. It was predicted that cut scores chosen through 
ROC analysis, based upon the ability of oral reading fluency scores to predict outcomes 
on the ITBS-RC, would correctly predict a higher percentage of students’ outcomes on 
the ITBS-RC than cut scores established through Good and colleagues (2002).
ROC analyses were computed at each grade level. Each grade-level analysis used 
ORF scores to predict outcomes on the ITBS-RC. ORF scores from the fall of the 2004- 
2005 academic year were used in Grades 2 through 5 and scores from the spring of the 
2003-2004 academic year were used in Grades 6 through 8. The results of the ROC 
analyses showed that ORF scores were predictive of outcomes on the ITBS-RC at all 
grade levels, indicated by significant Area Under the Curve statistics (p < .001). Table 14 
contains the results of the ROC analyses, including the Area Under the Curve and the 
significance. The Area Under the Curve statistic is the probability that the ORF score of 
a randomly chosen proficient case will exceed the ORF score of a randomly chosen less 
than proficient case (Hanley & McNeil, 1982), with 1.0 signifying a perfect prediction 
and .5 indicating a probability similar to chance.
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Table 14
Significance Test Results from Grade Level ROC Analyses





5 807* * *
6 .900***
7 .883***
8 8 3 4 ***
* * * p <  . 0 0 1 .
After ROC analyses were computed, cut scores were chosen to aid in the 
prediction of which students would be likely to score in the proficient range on the ITBS- 
RC and which students were likely to score in the less than proficient range on the ITBS- 
RC. Cut scores were chosen based upon the sensitivity and specificity associated with 
the relationship between the ORF score and the outcome on the ITBS-RC. Cut scores 
chosen for each grade level are listed in Table 15. Cut scores predicting proficient 
outcomes were chosen with the highest sensitivity and a 1 -specificity no greater than . 1 0 . 
Cut scores chosen to predict outcomes of less than proficient on the ITBS-RC were 
required to have a sensitivity of at least .90 and a 1-specificity of no less than .20. These
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numbers were chosen as a means to allow some flexibility in choosing cut scores but with 
a result of having cut scores that were predictive of outcomes on the ITBS-RC.
Table 15
Cut Scores Chosen from ROC Analyses
Grade Cut score: 
Proficient
Sens. 1-Spec.
Cut Score: Less 
than Proficient
Sens. 1-Spec.
2 43 .64 .09 29 .90 .43
3 78 .66 .10 65 .90 .21
4 87 .70 .05 63 .90 .47
5 130 .56 .10 91 .91 .54
6 161 .79 .09 131 .95 .32
7 139 .69 .10 116 .90 .27
8 150 .56 .10 109 .92 .41
Note. Sens. = Sensitivity; 1-Spec. = 1-Specificity.
The predictive ability of cut scores chosen through ROC analyses predicting 
outcomes on ITBS-RC were compared to the predictive ability o f cut scores from 
DIBELS (Good & Kaminski, 2002). DIBELS cut scores were chosen to predict 
outcomes on later DIBELS assessments. In the current study, DIBELS scores were used 
for the time period corresponding to the time period from the ORF scores used in the 
ROC analysis. For example, in Grades 2 through 5 the DIBELS cut scores used were the
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fall benchmarks from the corresponding grade level. In Grades 6 and 7, the cut scores 
were taken from the previous grades’ spring benchmarks. This was done to correspond 
to the time period in which the data used in the ROC analyses were collected. For 
students in the sixth grade, their ORF score used was taken during the spring of their 
fifth-grade year; therefore the DIBELS benchmark was also taken from that time period. 
For students in the eighth grade, DIBELS benchmark scores from the spring of sixth 
grade were used since there are no DIBELS benchmarks past sixth grade.
Comparisons were made between cut scores chosen from ROC analyses and those 
from DIBELS (Good & Kaminski, 2002) by comparing the positive predictive power 
(PPP), negative predictive power (NPP), sensitivity, and specificity of both sets of cut 
scores.
Results can be found in Table 16. Interestingly, in all but one grade level, PPP 
was higher for cut scores chosen through ROC analysis. However DIBELS (Good & 
Kaminski, 2002) cut scores produced higher NPP than ROC analysis cut scores. With 
both PPP and NPP, the fourth-grade-level outcomes were different from all other grade 
levels, with DIBELS scores producing higher PPP and ROC scores producing higher 
NPP. When looking at the sensitivity and specificity of outcomes from the cut scores, 
different results emerged. In all but two grade levels, specificity was higher for ROC cut 
scores. ROC cut scores also produced higher specificity in the majority of grade levels. 
For sensitivity, second-grade, third-grade, and sixth-grade levels had higher DIBELS 
sensitivity than ROC sensitivity. The second-grade specificity was equal for both ROC 
and DIBELS cut scores. At the fourth-grade level, specificity was higher for DIBELS cut 
scores than for the ROC cut scores.
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Table 16






Grade ROC DIBELS ROC DIBELS ROC DIBELS ROC DIBELS
2 .91 .85 .81 .92 .69 .77 .95 .95
3 .94 .83 .82 .92 .80 .83 .95 .92
4 .83 .92 .88 .79 .71 .64 .93 .96
5 .86 .41 .84 .91 .80 .75 .89 .71
6 .89 .31 .88 1.0 .88 1 .89 .61
7 .89 .73 .89 .92 .89 .88 .89 .82
8 .88 .60 .86 .92 .77 .75 .93 .85
The percentage of students whose outcomes were correctly predicted by ROC cut 
scores and DIBELS (Good & Kaminski, 2002) cut scores were compared (see Table 17). 
For most grade levels, DIBELS scores were better at predicting students who scored 
within the proficient range of the ITBS-RC, while ROC cut scores were better able to 
predict those students who failed to pass the ITBS-RC.
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Table 17









2 -  Predicting Proficient 43 67% 44 63%
2 -  Predicting At-risk 29 69% 25 49%
3 -  Predicting Proficient 78 70% 77 71%
3 -  Predicting At-risk 65 79% 52 57%
4 -  Predicting Proficient 87 70% 93 61%
4 -  Predicting At-risk 63 53% 70 61%
5 -  Predicting Proficient 130 56% 104 83%
5 -  Predicting At-risk 91 46% 80 29%
6 -  Predicting Proficient 161 79% 124 97%
6 -  Predicting At-risk 131 59% 102 25%
7 -  Predicting Proficient 139 69% 125 84%
7 -  Predicting At-risk 116 73% 103 61%
8 -  Predicting Proficient 150 56% 125 77%
8 -  Predicting At-risk 109 59% 103 46%
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The fourth prediction served to compare the results from the three methodologies 
used in the current study. It was predicted that the results of direct logistic regression 
analyses and discriminant function analysis would be significantly different from those 
obtained through the ROC analysis. It was expected that the ROC analysis would result 
in a significantly higher percentage of students being correctly classified than both direct 
logistic regression and discriminant function. This was expected because ROC cut scores 
were chosen specifically for this sample of students.
Trends in the ability of the logistic regression and the discriminant analysis to 
predict outcomes on the ITBS-RC indicated that at all grade levels the two analyses 
predicted extremely similar percentages of student outcomes (see Table 18). Percentages 
of outcomes correctly predicted ranged from 73 to 84 percent.
DIBELS cut scores predicted more overall student outcomes correctly at all grade 
levels except fourth and sixth (see Table 19).
In applied practice, most schools looking at a three-tier model are most concerned 
with identifying those students who are not meeting reading expectations; therefore, the 
ability of each of the analyses to predict those students who scored in the less than 
proficient range on the ITBS-RC was examined (see Table 20). With both logistic 
regression and discriminant function analysis percentages of less than proficient 
outcomes that were predicted were similar at most grade levels. The largest difference 
between the predictions was at the second-grade level, where there was a difference in 
predictions of twelve percent. At all other grade levels, differences in predictions were
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Comparison o f  the Total Percent o f  Student Outcomes Correctly Predicted by 
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Table 19
Comparison o f  the Total Percent o f  Outcomes Correctly Predicted by Cut Scores Chosen 
fo r  this Sample and DIBELS Cut Scores
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Table 20
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within two percentage points.
When comparing DIBELS (Good & Kaminski, 2002) cut scores and those chosen 
specifically for this sample, those cut scores chosen specifically for this sample correctly 
predicted outcomes for those students who scored in the less than proficient range of the 
ITBS-RC at every grade level except fourth (see Table 21).
Table 21
Comparison o f  Cut Scores Chosen fo r  this Study and those from DIBELS at Predicting 
Less than Proficient Outcomes
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CHAPTER 6
DISCUSSION
Summary of the Purpose
This study examined how different predictive methodologies can be used to 
predict outcomes on a high stakes achievement test using oral reading fluency (ORF) 
scores and ORF growth scores. First, results of the current study provide evidence for 
practices schools currently use. Specifically, it was found that scores at one point in time 
predicted later outcomes on high stakes tests. Further analyses provide evidence that 
more than one type of data can be useful for this purpose.
Secondly, this study compared the use of various statistical methodologies to 
predict test outcomes using curriculum-based measurement scores (discriminant analysis, 
logistic regression and ROC analysis). Additionally, the use of growth scores along with 
static scores was examined.
Below is a brief summary of the major findings followed by a more detailed 
discussion of the results.
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Findings Related to Reading Theory
Findings from the current study relate well to accepted theories of reading. The 
current study found that oral reading fluency was able to predict outcomes on a high 
stakes reading comprehension test. This provides further support for the theory that 
several processes work together to aid in the comprehension of text (Magliano et al., 
2007; Perfetti, 1988). If word decoding, syntactic processing, inference generation, and 
other processes and activities are all working effectively, a reader can be expected to both 
read passages fluently and comprehend what he or she has read. When one or more of 
these processes are not functioning in an effective manner, then a student may not 
perform in an acceptable range on a measure such as oral reading fluency.
Olson (1994) discussed that for most students with specific learning disability in 
the area of reading, remediating their ability to decode new words has a positive impact 
on comprehension skills. Additionally, studies have shown that education in the area of 
decoding skills leads to better reading outcomes than instruction focusing primarily on 
contextual cues (Johnston & Thompson, 1989, Seymour & Elder, 1986). These studies 
provide further evidence that adequate decoding skills, which are assessed indirectly 
through a measure of oral reading fluency, aid in the comprehension of text.
Oakhill (1994) disagrees with this theory and believes that fluency of reading 
processes, including oral reading fluency, can be thought of as necessary but not 
sufficient for effective comprehension of material on reading comprehension assessments
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(Oakhill, 1994). Poor fluency is an indicator that reading processes are not working 
efficiently. However, being able to decode words and add appropriate prosody to oral 
reading are not sufficient to ensure comprehension of text. Many processes are involved 
in the comprehension of read material (Magliano, et al., 2007). The current study found 
support for this theory in that oral reading fluency was not able to predict outcomes for 
all students who did not meet expectations on the reading comprehension assessment. It 
was still a good predictor of outcomes, predicting between 46 and 79 percent of those 
students who were not proficient on the reading comprehension assessment; however, it 
was not able to predict outcomes for all poor comprehenders, lending support for 
Oakhill’s (1994) theory that fluency of lower-level processes alone is not sufficient for 
comprehension.
Although oral reading fluency is a measure whose results achieve moderate to 
high correlations to high stakes measures of reading comprehension, oral reading fluency 
should not be mistaken as a measure of either decoding skills or reading comprehension 
skills. Rather, it is a direct measure of fluency of oral reading. However, due to its 
correlation with other assessments of reading comprehension, it is used as a screening 
tool for finding those students not meeting reading expectations. Once found, these 
students can receive the intense instruction in their decoding skills (or other skills found 
to be deficient), as suggested by Olson (1994).
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The current study found that ORF growth scores helped predict outcomes on the 
ITBS-RC, although there were differences in the findings based on the methodology 
used. With both the discriminant function analysis and the logistic regression, ORF 
growth scores predicted outcomes on the ITBS-RC. The discriminant function analyses 
found ORF growth to be useful to predictions at every grade level while the logistic 
regression found that ORF growth predicted outcomes at the second-, seventh-, and 
eighth-grade levels. This is a notable finding given that Stage and Jacobsen (2001) did 
not find similar results using hierarchical linear regression. They found that ORF growth 
scores did not provide predictive ability above ORF scores alone. Explanations as to why 
there is a difference in the current study’s findings exist. The first explanation relates to 
statistical methodology. Methodological differences could explain the variation in 
findings. Another explanation could lie in the fact that Stage and Jacobsen (2001) used 
only students in the fourth grade in their study. At the fourth-grade level, logistic 
regression replicated the results of their study. Discriminant function analysis, however, 
did find that ORF growth scores predicted outcomes at the fourth-grade level. Given the 
differences in these findings, further research into the ability o f ORF growth to predict 
outcomes on high stakes tests at the fourth-grade level is needed.
Overall, with the divergence of findings from discriminant function analysis and 
direct logistic regression, it appears that ORF growth scores should be recognized as a 
measure that should be further investigated in future research.
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Another major finding in the current study relates to developmental differences in 
ORF growth scores. At the second grade-level, growth scores predicted outcomes better 
than ORF on a high stakes test. This suggests that as schools attempt to better predict 
which students are likely to struggle when learning to read, they may want to examine 
more than simply oral reading fluency scores. Growth in oral reading fluency may also 
be a measure that schools use to predict students’ reading proficiency, especially at lower 
grade levels.
Another interesting developmental difference came from the results of students in 
the fourth grade. In the ROC analysis, the fourth-grade cut score predicting proficiency 
(87) was lower than the DIBELS cut score (93). This suggests that, with the current 
sample, student proficiency on high stakes tests could be predicted from a lower cut score 
at the fourth-grade level. This differs from most other grade levels, suggesting that 
replication of this finding is necessary.
Interestingly, oral reading fluency scores were significantly correlated to reading 
comprehension scores at every grade level. Additionally, this correlation did not decline 
as students’ grade levels increased. This supports the assertion that reading fluency is an 
effective screener of overall reading skills, even at the middle school level. This would 
also support Perfetti’s (1988) theory of verbal efficiency, as long as it is accepted that low 
oral reading fluency scores require skill instruction, rather than fluency practice alone.
Also, within Perfetti’s theory of verbal efficiency (1988), he discusses how some 
processes have a higher likelihood of becoming more efficient than others. For example,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
85
schema activation, or the search for and selection of appropriate schema for a given text, 
is one process that may be able to achieve higher efficiency. When efficiency of 
processes is achieved, then one can expect that greater cognitive resources can be applied 
to processes that are less efficient. As students become more efficient with reading 
processes, their oral reading fluency can be expected to increase. Support for this theory 
of efficiency was found when oral reading fluency scores were able to accurately predict 
outcomes on a reading comprehension test in the current study.
Findings for Comparing DIBELS Cut Scores to Cut Scores from this Study
Interesting results emerged when comparing DIBELS (Good & Kaminski, 2002) 
cut scores and those chosen from the current sample based on their ability to correctly 
predict outcomes on the ITBS-RC. At most grade levels, cut scores chosen for the 
current sample were higher than DIBELS benchmarks. This suggests that, at least with 
this sample, the school may be falsely at ease in thinking that students are proficient 
readers if  they reach DIBELS benchmarks, when in fact they may still be in danger of 
failing to pass high stakes achievement tests. Several possible explanations exist for this 
finding. First, this study used a sample with other risk factors, such as low SES and non­
native English speakers. This may lead to students requiring higher ORF scores to 
adequately predict outcomes on high stakes tests (Buck & Torgesen, 2003).
Another explanation for these findings lies in the methodology used to choose cut 
scores. Both DIBELS and the current study used ROC analysis. However, whereas the 
current study used ORF scores to predict outcomes on high stakes achievement tests,
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DIBELS analyses used ORF scores to predict the likelihood of meeting later DIBELS 
benchmarks. This could very easily result in different cut scores emerging from the 
different analyses.
Summary of Preliminary Findings
Significant relationships existed between ITBS-RC scores, ORF scores, and ORF 
growth scores at many grade levels. Additionally, strong relationships between ORF 
scores at different time points emerged. This suggests that all of these assessments and 
scores are related to each other and probably measure reading constructs that are related 
to each other, as expected with the connectionist theory of reading.
When examining relationships between variables at individual grade levels, 
interesting findings emerged. At all grade levels, ORF scores correlated with scores on a 
high stakes achievement test. This is consistent with previous studies comparing ORF 
scores with outcomes on high stakes achievement tests (Espin & Deno, 1993; Marston & 
Magnusson, 1985; Shinn et al., 1992; Stage & Jacobsen, 2001). These studies often only 
examine students in elementary school. The relationship between oral reading fluency 
and results on high stakes achievement tests is not examined as often at the middle school 
level.
Another interesting finding is that ORF and ORF growth were not related to each 
other at all grade levels. Oral reading fluency is most highly related to growth scores at 
the second-grade level. At the seventh-grade level, there is no relationship. This has 
interesting developmental implications. One can expect that at the second-grade level
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those students who have the highest oral reading fluency scores also grew the most in 
their oral reading fluency. However, at the seventh-grade level, a higher score on oral 
reading fluency probe does not necessarily mean larger growth rate over the year. This 
may be because the expected growth rate decreases as students get older (Fuchs et al., 
1993); therefore one would not expect that students with high ORF scores necessarily 
grew in their oral reading fluency over the course of the year.
This also has implications for the remediation of students at this level. The 
growth rate of students receiving remediation for reading skills should be considered 
based upon their grade level rather than prescribing a growth rate that should be used for 
all students, regardless of their current skill level.
Summary of Findings for Predictions 
Summary of Findings for Prediction 1
It was predicted that both the ORF score and the growth score would be 
significant predictors in the direct discriminant function analysis at all grade levels. 
Additionally, it was expected that the additional variable of grade would also 
significantly predict outcomes on the ITBS-RC with that analysis. A discriminant 
function is a decision rule for classifying cases into dimensions along which groups differ 
(Tabachnick & Fidell, 2001). These discriminant functions are combined to form 
classification equations that serve to predict group membership. Each case is put into
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each classification equation and assigned to the group for which it has the highest 
classification score (Tabachnick & Fidell, 2001).
As predicted, ORF scores and ORF growth scores combined to predict outcomes 
on the ITBS-RC at all grade levels. At most grade levels, the ORF score was stronger 
within the discriminant function, suggesting that it predicts outcomes more strongly than 
ORF growth scores. However, at the second-grade level, ORF growth scores were 
stronger than reading fluency scores. This suggests that ORF growth scores are more 
predictive of reading proficiency at the second-grade level than ORF scores. This has 
implications for screening for reading proficiency with students in earlier grades.
Schools may want to consider including oral reading growth in addition to oral reading 
fluency in screening measures. Although it would be a significant change in practice 
from what is currently common in a screening system, schools that have ORF data for 
students could easily compute the ORF growth score and include that in their analyses.
Growth in ORF was less predictive of outcomes at the sixth-, seventh-, and 
eighth-grade levels. This finding may be due to the fact that expected growth in oral 
reading fluency scores during the sixth, seventh, and eighth grades is much smaller than 
that expected at earlier grade levels.
Summary of Findings for Prediction 2
It was predicted that the full direct logistic model would be the best logistic model 
to predict outcomes on the ITBS-RC in all analyses. This model includes all predictors 
as well as the interaction between the predictors. This was predicted because it was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
89
expected that both the ORF score and the growth of oral reading fluency over time would 
aid in the prediction of ITBS-RC outcomes. Logistic regression uses a set of predictors 
to predict an outcome. There are three main steps in logistical analysis. First, a 
relationship is established between the outcome and the predictors. Second, the model is 
simplified by eliminating some predictors while still maintaining strong predictive 
ability. Last, the resulting equation is used to predict outcomes for new cases 
(Tabachnick & Fidell, 2001).
Findings for this prediction suggest that developmental differences in the 
predictability of oral reading fluency and oral reading fluency growth scores exist. At 
most grades, oral reading fluency alone predicted outcomes on the ITBS-RC. This 
suggests that although growth scores are helpful when determining if instruction is 
effective on an individual student level, it did not add predictive ability when considering 
outcomes on high stakes achievement tests at most grade levels. For most grade levels, 
results from this analysis suggest that continuing to use only ORF scores to predict 
outcomes on high stakes achievement tests is appropriate.
Interestingly, at the second-grade level, the exact opposite result emerged. At that 
grade level, growth scores predicted outcomes on the ITBS-RC and ORF scores did not 
add significant predictability. This suggests that at lower grade levels students’ growth in 
oral reading fluency should not be ignored when considering their reading proficiency. 
This may be because students at this grade level should be increasing their reading 
fluency at such a high rate, two words per week (Fuchs et al., 1993), that if  they are not 
growing enough in their oral reading fluency, they may not have adequate reading skills.
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This finding has significant implications for how screening for reading 
proficiency is conducted in schools. When schools screen for students’ reading skills 
they look at the ORF score. Rarely, if  ever, do they consider students’ growth scores as 
being predictive of reading outcomes. This suggests that schools may want to consider 
adding a component of reading growth into the screening process for students in lower 
grade levels and examine if that score is predictive of outcomes for their population.
At the seventh- and eighth-grade levels, both oral reading fluency and growth 
scores predicted outcomes on the ITBS-RC. This suggests that growth scores become 
important again when considering reading proficiency at the middle school level. For 
students who have borderline ORF scores, growth in ORF may be predictive of 
outcomes. At these grade levels, oral reading fluency growth scores may be predictive 
when oral reading fluency scores alone do not predict outcomes.
Comparison of Findings for Predictions 1 and 2
The prediction for both the discriminant function analysis and the logistic 
regression analysis that both ORF and ORF growth would be significant predictors of 
outcomes on a high stakes achievement test resulted in interesting findings. For both 
methodologies all variables helped predict outcomes on a high stakes achievement test 
when students at all grade levels were entered into the analysis.
The results were not always similar when analyses at individual grade levels were 
compared (see Table 22). At the seventh- and eighth-grade levels, both methodologies 
found that both oral reading fluency and oral reading fluency growth scores helped
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Table 22
Comparison o f  Significant Predictors in the Direct Logistic Regression and Discriminant 
Function Analysis
Grade Direct Logistic Regression Discriminant Function Analysis
2 Growth Growth and ORF
3 ORF ORF and growth
4 ORF ORF and growth
5 ORF ORF and growth
6 ORF ORF and growth
7 ORF and growth ORF and growth
8 ORF and growth ORF and growth
All ORF and growth ORF and growth
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predict outcomes on the high stakes achievement test. However, at every other grade 
level, results between the two methodologies differed. Logistic regression found that 
ORF scores predicted outcomes at Grades 3 through 6 and growth in ORF predicted 
outcomes at second grade. Discriminant analysis found that both ORF and growth in 
ORF predicted outcomes at every grade level. These differences suggest that more 
research is needed to determine the usefulness of oral reading fluency growth scores 
when predicting outcomes on high stakes achievement tests measuring reading 
comprehension.
The reasons for some differences in the predictors based on type of analysis used 
are difficult to determine. Differences in the analyses may arise because of the way they 
use the predictor, or independent, variables. With logistic regression, predictor variables 
are removed when they do not add increased predictive ability. Discriminant analysis 
looks at the relationship among the predictors and creates an equation that uses that 
relationship in the prediction of outcomes. This may make it more likely that logistic 
regression will delete predictors from analyses that discriminant analysis will use in its 
equations. Overall, even with different predictors used to predict outcomes on high 
stakes tests, both analyses accurately predicted equal amounts of student outcomes.
Because the results of the discriminant function analysis and the direct logistic 
regression correctly predicted outcomes for roughly the same percentage of students, it 
may not be prudent for schools to examine ORF growth scores at every grade level. If it 
does not result in an increase in the number of students who are correctly identified as 
needing remediation in reading it may not be the most practical use of resources. These
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results need to be replicated in order to provide more specific information for schools as 
to the utility of ORF growth scores.
Summary of Findings for Prediction 3
It was predicted that cut scores, chosen through ROC analysis based upon the 
ability of ORF scores to predict scores on the ITBS-RC, would correctly predict a higher 
percentage o f students’ outcomes on the ITBS-RC than cut scores established through 
Good and colleagues (2002). This research question examined both the ability to predict 
which students were likely to be proficient on a high stakes achievement test, as well as 
examining predictions for students who were likely to be less than proficient on the test.
When predicting those students who were proficient, DIBELS was more accurate 
than cut scores chosen in this study in Grades 5 through 8. At Grades 2 through 4, either 
ROC was a more accurate predictor or the results were extremely close. When predicting 
those students who would not have proficient levels of reading skills, cut scores in the 
current study correctly predicted more students than the DIBELS cut scores at every 
grade level except fourth. This is notable because it could be argued that a main purpose 
for screening all students is to find those students who will not be proficient readers in 
order to provide them with remediation.
Additionally, in grades where DIBELS cut scores better predicted those students 
who would be proficient readers, the cut score was so low that it also predicted many 
students would pass who ultimately were not proficient readers. When predicting which 
students are not proficient readers, it is important to catch all the students who may need
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further instruction. Having large numbers of students who are expected to be proficient 
readers end up not scoring in the proficient range is precisely the reason that schools 
should consider establishing cut scores that are predictive for their population of students.
DIBELS cut scores were mostly lower than cut scores chosen in this study, 
suggesting that students actually need to score higher than DIBELS predicts in order to 
be reading at a proficient level, as measured by a high stakes achievement test. The only 
grade levels that DIBELS cut scores were higher than those chosen in the current study 
were in second grade and fourth grade. There are several reasons that may explain the 
higher cut scores emerging in the current study. A large portion of the student population 
in the current study consisted of students who speak English as a second language. For 
these students, vocabulary deficits can affect comprehension. Therefore, in order for oral 
reading fluency to accurately predict outcomes on a reading comprehension test, the oral 
reading fluency score may need to be higher. This is consistent with findings by Buck 
and Torgesen (2003).
Another factor that may result in higher oral reading fluency scores being required 
to accurately predict outcomes on high stakes achievement tests also reflects the make-up 
of the population in the current study. A large portion of the population qualified for free 
or reduced lunch. Students from low socioeconomic households also have a 
disadvantage when it comes to vocabulary development (Hirsch, 2001). Therefore, they 
may also require higher oral reading fluency scores to qualify as proficient.
Another factor that probably attributed to the differences is the way in which the 
cut scores were derived. DIBELS cut scores were chosen through ROC analyses where 
ORF scores were used to predict meeting later ORF benchmarks. The current study also
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used ROC analysis to choose ORF cut scores, but used outcomes on a high stakes test as 
the variable being predicted, rather than later benchmarks. Therefore, differences would 
be expected because the outcomes being predicted differ.
Both cut scores chosen based on district data as well as DIBELS (Good & 
Kaminski, 2002) cut scores provided some usefulness. The current study provides 
evidence that using ROC to create district-specific cut scores may be a useful endeavor. 
However, given the distinct population considerations in the current study, other school 
districts may not achieve the dramatically different results found in this study.
Implications of Cut Scores
Cut scores were examined in the current study in order to determine if commonly 
used cut scores were appropriate for an individual school district. Results suggest that, 
with the current population, nationally published cut scores are lower than student 
performance. If this finding is replicated, then implications exist for the use of published 
cut scores, such as DIBELS (Good & Kaminski, 2002). Schools or districts may wish to 
determine the cut scores that best predict reading success with their populations.
These implications can be further extended to the use of norms for making 
educational decisions. There is no research to show that those students below a particular 
percentile rank are those students who require remediation. Schools may want to validate 
that their percentile ranks are consistent with cut scores used by either a national 
standard, such as DIBELS (Good & Kaminski, 2002), or by those determined by the 
district to be predictive of outcomes on high stakes tests.
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It was predicted that the results of direct logistic regression analyses and 
discriminant function analyses would be significantly different from those obtained 
through ROC analyses. It was expected that the ROC analysis would result in a 
significantly higher percentage of students being correctly classified than both direct 
logistic regression and discriminant function. This was expected because ROC cut scores 
were chosen specifically for this sample of students.
Findings suggest that all the assessments produce similar results. This is 
interesting in that it was expected that the ROC cut scores would produce significantly 
different results than the other two analyses. Several explanations are available as 
possibilities for the finding. One possibility is that the sample sizes were large enough 
that they may have created a high likelihood for a significant result. Another possibility 
is that the analyses truly are similar enough to result in similar predictions.
Even though they were not shown to be unrelated to results from the other two 
analyses, the cut scores from the ROC did predict outcomes for fewer students than 
logistic regression or discriminant function analysis. It is highly probable that this is due 
to the fact that two cut scores emerged from the ROC analyses, one predicting passing the 
high stakes achievement test and one predicting failing the test. In between the two cut 
scores lies a group of students whose outcomes were unable to be adequately predicted. 
Whereas with the other two analyses these students’ outcomes were still predicted, with 
the ROC cut scores, these students were determined to be performing at a level in which 
their reading outcomes could not be reliably determined. This is consistent with a three-
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tier model of service delivery (Grimes & Kums, 2003). There are those students in this 
study who can be reliably predicted to be proficient readers. Additionally there are those 
who can be predicted to be less than proficient readers. Last, there are a group of 
students whose performance cannot be predicted. The ROC cut scores split student 
scores into these three groups.
Because this is consistent with the way schools are conceptualizing service 
delivery for students, through considering three tiers o f needs, the ROC analysis may be 
an analysis that schools can use within a seamless system of curriculum, instruction, and 
assessment.
Limitations of the Study
The main asset of the current study was the ability to examine data from a time 
period other than the same period of time the high stakes assessment was administered. 
Many studies have examined correlations between ORF scores and high stakes 
achievement test scores at the same time of the year, but fewer attempt to predict over the 
course of a school year, as a school would do when looking to intervene with students 
who are at risk for reading failure.
Another way the current study extended the literature was the comparison of 
results between grade levels. The ability to look at the prediction of reading outcomes at 
different grade levels is another privilege that other studies lack.
The current study had limitations to consider when attempting to generalize the 
results. First and foremost, the sample included a disproportionate percentage of students
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from low-income homes. Although this is similar to many districts within the country, 
making these findings specifically of interest to those populations, generalizability o f the 
results to districts without these characteristics is cautioned.
Furthermore, when predicting outcomes, the current study used only one high 
stakes test (the ITBS-RC). States using other high stakes achievement tests would need 
to replicate results in order to generalize to those tests. Additionally, this particular high 
stakes test is also timed. This may hinder generalizability to tests that are not timed. 
Although much more time is given and an ORF probe, an argument may be made that 
any timed test assesses fluency to some degree.
Another limitation in the current study regards the ORF scores utilized. Due to 
the assessment schedule used in the district, data were not available for students in 
Grades 6 through 8 for the Fall 2004-2005 time period. Because o f this, scores used in 
most analyses were different for students in Grades 2 through 5 than those in 6 through 8.
Despite the limitations, the comparison of multiple predictive methodologies to 
predict outcomes on a high stakes achievement test provided many insights.
Additionally, examining how growth in ORF would affect these predictions was also 
notable.
Future Research Suggestions and Directions
Future research should continue to examine some findings in the current study. 
ORF growth’s ability to provide schools with information regarding student needs should 
continue to be examined. It would be interesting to examine the utility of ORF growth
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with middle-performing students. When using two cut scores, these students’ outcomes 
were not reliably predicted. It would be interesting to see if, for this group of students, 
we are able to better predict outcomes by adding growth scores. Given that growth 
scores were not conclusively shown to provide added predictive ability above ORF scores 
alone, it would be interesting to consider their use with only the middle-performing group 
of students (See Figure 4).
£o
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S tu d en t  1 
S tu d en t  2
Figure 4. Illustration of oral reading fluency growth scores.
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Additionally, the higher ORF cut scores emerging based upon ROC analysis 
should be further examined. In the current sample, ROC results with this sample suggest 
that students at most grade levels needed to score higher than DIBELS cut scores in order 
to be confident that they have the necessary reading skills to be successful on the ITBS- 
RC.
As ROC analysis was shown to be effective at identifying cut scores that would 
predict outcomes on later high stakes achievement tests, the use of this analysis within a 
school district to examine its utility in application would be another interesting study.
Conclusion
The current study sought to investigate the usefulness of both ORF, a measure 
traditionally used to assess reading skills, as well as ORF growth, a measure with less 
research behind its use. Findings indicate that both measures can be useful when 
predicting outcomes on a high stakes test, but further replication of the findings are 
necessary before generalizing the results.
Additionally, the current study compared methodologies that can use ORF and 
ORF growth to predict outcomes on high stakes achievement tests. Differences were 
noted between results on the direct logistic regression and discriminant function analysis 
when comparing which measures predicted outcomes on the high stakes achievement 
test. The third methodology, ROC analysis, predicted outcomes by providing cut scores 
that were used with ORF scores. Findings indicated that most cut scores chosen in the 
current study were lower than those used with the DIBELS ORF measure.
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Regardless of the methodology a school uses to predict outcomes, in order for an 
assessment tool to be useful it must be reliable and valid. In addition to its psychometric 
properties, in the educational setting, there are other issues that also serve to determine an 
assessment’s usefulness (Good & Jefferson, 1998). Oral reading fluency has shown itself 
to have psychometrically sound properties as well as lead to increased student 
achievement. This study further adds to the research that shows that oral reading fluency 
is an assessment tool that can be useful when determining educational needs of students.
It was able to predict outcomes on a high stakes achievement test when given in advance 
of the achievement test. This shows that oral reading fluency can be used to predict 
outcomes early in order to intervene with students prior to the administration of high 
stakes achievement tests. Additionally, even though it is a measure of oral reading 
fluency, it predicted outcomes on a comprehension assessment.
In addition to oral reading fluency’s usefulness in predicting outcomes, the 
growth in oral reading fluency scores across time also predicted outcomes on the high 
stakes achievement test. This finding should be replicated in order to generalize these 
findings.
Research has also shown that with early intervention, reading problems in 
students can be remediated (Hiebert et al., 1992; Vellutino et ah, 1996; Wasik & Slavin, 
1993). Using the methodologies and timelines examined in the current study, schools 
may be able to find it is feasible to find the students who need remediation in the area of 
reading.
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Although the current study examined the ability to predict outcomes on a high 
stakes test in the area of reading, the true purpose of this research is applied. The 
identification and remediation of reading problems is the true purpose o f this study.
The true test of this research will come from its usefulness to educators.
Hopefully, the methodologies can be used and interpreted by school psychologists 
serving schools that wish to intervene with students in order to help them become 
proficient readers.
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. . U N I V E R S I T Y
M y 13,2005
FR: Michael Peddle, Vice-Chair
Institutional Review Board #2
MEMORANDUM
10: Sarah Brown & Christine Malccld
Department of Psychology
O xfxcs o f  R e se a r c h  C o u p lu k c z  
iN fm r o o t t A i  R ev iew  B oard  
D iv is io n  o f  R s s u b c s  i n d  G r a d o a js  S tu d ies  
D b K a ie ,  B u n c o s  6 0 U £ 8 8 f f 4  
(JUS) 75M688 
TAX  (WJ) *»16S1 
E-UAH reteucfcoampIiaacsl&afaLcdii 
W zm ww w .pa£atiLsda/ozt
RE: Graduate student research involving die use of human subjects fin die project tided Using
CBM a: s i reeding Jlucticp to predict outcomes an a high stakes achievement test
Ibis is to inform you that youi above-named research project has been approved by Administrative 
Review as exempt fern die Code of Federal regulations (45 CFR 46) for the protection of human 
subjects The rationale for exemption is section 46 101b, paragraph 4
Because this research project has been designated "exempt", this approval is final. You will not 
need any further review ofthis project unless you decide to modifyit If you intend to change the 
procedures, subject pool, or otherwise to'modify die protocol so that it would ho longer 
qualify as exempt, you will need to contact the Office of Research Compliance 
(researchconqiIiance@nia.edu) to obtain approval of the changes.
It is important for yori to note that as a research investigator involved with human subjects, you are 
responsible for retaining any signed consent forms obtained fiom your subjects in a secure (dace 
for a minimum of three years after the study is concluded If consent for the study is being given
by proxy (guardian, etc ), .it is your responsibility to document the authority of that person to 
consent for the subject The committee also recommends that the informed consent include an 
acknowledgment by tire subject, or the subjects representative, that he or she has received a copy 
of the consent form In addition, you are required to promptly report to the IRB any injuries or 
other unanticipated problems involving risks to subjects and others
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Spring is Coming
It has been so cold this winter The wind blew and blew, It rained and rained The 
days have been gray and dark I had to wear mittens and a hat to school every day It even 
snowed twice
At first winter was fun Now I’m tired of the cold It has been too cold and wet to 
play outside At school, we sit in the library and read during recess After school I just 
stay in the house and play I don’t want to play inside anymore.
But today was nice The sun was shining brightly even though it was still cold 
The wind didn’t blow My friends and I played kick ball at recess We had to take off our 
jackets because we were warm We even got hot and thirsty
On the way home from school I saw a purple flower on our street It was 
blooming in the grass I told my mother about it She wanted me to show it to her She 
bent down and touched it
“Come sniff this,” she said It smelled like perfume and sun all mixed together 
“Spring must be right around the corner,” she said “Ihis is a crocus. It’s one of the first 
flowers of spring ”
I can’t wait for spring
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Mom’s New Job
Yesteiday my mom staited hei new job Hei job is to drive a school bus eveiy 
morning She took driving classes to get ready for her new job She had to get a special 
license, too She wears a dark blue uniform with a yellow vest
Now that she is driving a school bus, my mom has to get up even earlier than we 
do She has to be at work on time or the children won’t get to school on time She does 
her best to get everyone to school on time
When I came down to the kitchen for breakfast yesterday, Dad and Mom were 
eating cereal and drinking coffee together Since Mom has to leave early, I knew she 
wouldn’t have time to make my breakfast anymore I sat down and fixed myself a bowl 
of cereal
“Did you make my lunch, Mom?” I asked 
“I made it for you,” said Dad “I made mom’s and mine, too 
“We’re all going to take turns making lunches,” Mom said “Next week you’ll get 
to make all three lunches ’’
That afternoon when I came home from school, I smelled something good. There 
was mom in the kitchen, taking chocolate chip cookies out of the oven
“I made a treat for our lunches tomorrow,” she said “Here, you may have one ” 
“How was your second day on the job, Mom?” I asked 
“lust great, honey I love my new job,” she said.
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My Friend
I have a new friend at school She can’t walk so she uses a wheelchair1 to get 
around She comes to school in a special van that can transport four people who use 
wheelchairs The van brings my friend and another boy to school My friend is in third 
grade with me and the boy is a fourth grader,
I like to watch my friend get in and out of the van The driver pushes a button and 
part of the van floor lowers to the driveway to form a ramp My friend just wheels up the 
ramp and goes inside After she is inside, the driver pushes the button and the ramp puts 
itself away When it is time to get out of the van, they do the same thing again 
Sometimes I help open the door so she can roll right inside
My friend and I do everything together Our teacher lets us sit together in the front 
row, and we always go to lunch together My friend moves so fast down the hall that she 
always gets the best seats in the cafeteria Sometimes we trade sandwiches At recess, we 
always play on the same team My friend sure has strong arms She hardly ever misses a 
shot when we play basketball and she can throw the farthest of anyone in third grade
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I he Watei Cycle
It is amazing to think that a dinosaur might have stepped in the watei you diank 
last night That is because the watei you use to drink, shower, or swim in is very old 
I he earth has a fixed amount of water that keeps going around and around in what is 
known as the water cycle
The water cycle has four main phases The first phase is called evaporation. This 
occurs when the sun heats up the water in rivers, lakes, and oceans The heat turns some 
of the water into vapor, or steam At that point, the water is said to evaporate, as it 
becomes part of the air
The next phase of the water cycle is called condensation. Water vapor in the air 
becomes cold, which causes it to change back into liquid form The drops of water come 
together and form clouds When the water becomes so heavy that the air cannot hold it 
any more, the next phase occurs
In the phase of the water cycle called precipitation, dark clouds release their 
water, and it falls back to the earth In warm weather, clouds release water in the form of 
rain or hail When it is cold, water falls as snow or sleet. The rain, hail, snow, or sleet 
falls on land as well as on rivers, lakes, and oceans This begins the final phase of the 
water cycle, called collection
When water falls on land, the earth collects it The water might run along the
ground, where plants and animals may drink it. It might flow into rivers, streams, or
lakes. Or the water might soak deep into the earth and become groundwater.
Groundwater supports plants, which sink their roots down to find it Human beings dig
wells or use water from underground springs to provide for their needs
Water that falls on rivers and streams flows, sometimes for thousands of miles,
into the oceans When the sun shines on rivers, lakes, or oceans, some of the water turns
into vapor I his vapor goes into the air, and the water cycle begins again
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Something’s Missing!
Missy couldn’t believe that the day she had been looking forward to had anived at 
last She and hei fathei were leaving on a bus to visit Aunt Martha’s faim Missy looked 
foiwaid to seeing hei aunt, but she was especially excited about seeing hei favoiite 
cousin, Ralph
Although the bus was ciowded, Missy and hei fathei found seats together neai the 
fiont Hei fathei suggested that Missy sit next to the window, and she eageily scrambled 
into hei seat She put her backpack on the floor in fiont of her and began looking out the 
window Right below hei, woikeis were busy unloading suitcases from a large pushcart 
and tossing them into the bus
As soon as the bus jerked into motion, Missy ieached foi her backpack and got 
out hei science book She knew that if she didn’t do her homewoik before they anived at 
the farm, she would have less time to spend with Ralph She got out a sheet of paper and 
began busily writing the answers to the questions at the end of the chapter As she 
worked, the hum of the motor and the gentle rocking motion of the bus made her' feel 
veiy drowsy “I’m going to splash some watei on my face,” she said to her father as she 
put her book on the floor
A few minutes latei, Missy returned to her seat, refreshed and ready to work 
However, when she ieached for hei science book, she discovered that it was gone 
Alarmed, she began looking all around foi it The book wasn’t under the seat in front of 
her 01 in hei backpack Ihen Missy looked at hei father, who was reading a newspaper, 
and noticed that the corners of his mouth were turned slightly upwaid
“All light, Dad, hand it over,” she said Smiling, her father ieached under his 
newspaper, slowly pulled out Missy’s science book, and handed it to her with a smile 
“I just want to make suie that you have an exciting trip to the farm,” he said, 
laughing
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The Giand Canyon
What is one of the woild’s biggest holes in the ground? It’s more than a mile 
deep and almost three hundred miles long, and more than ten miles wide at some points 
If you guessed the Grand Canyon, you’re right The Grand Canyon is an enormous gorge 
carved over millions of years by the Colorado River in northwestern Arizona
Among the world’s greatest tourist attractions, the Grand Canyon is walled by 
colorful strata, or layers, of rock dating back millions of years Ihe reds, pinks, and 
yellows in the rock are the result of traces of different minerals.
Most tourists visit the South Rim of the canyon, where there are hotels and many 
trails to explore Bright Angel Trail is a popular hiking trail. The South Rim is open year 
round to visitors The North Rim is cooler and quieter than the South Rim but is open 
only six months of the year
The only ways to reach the inner canyon are by foot, on mule, or by raft on the 
Colorado River Visitors can take daylong raft trips over smooth water or weeklong trips 
that include rolling rapids Almost two hundred years ago, American John Wesley Powell 
led the fust successful trip through the canyon He and ten other men traveled down the 
river in four small boats, braving waters that, had never been mapped
Native Americans were the first to live and work in the canyon, more than eight 
hundred years ago They lived in rock pueblos on both rims of the canyon, hunting and 
fishing, growing crops, making pottery, and weaving baskets
Wildlife is abundant in the canyon Hundreds of kinds of birds live there, as well 
as bighorn sheep, mule deer, beavers, bats, snakes, lizards, and frogs There are also 
many types of trees, cacti, and wildflowers
You can see that the Grand Canyon is much more than just a big hole in the 
ground It is an amazing site, alive with stories of the past and present that are written on 
the rock, on the land, and on the river.
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Mammals That Never Drink
The mammals that live in Dinosaur National Monument in Colorado are almost never seen. 
Almost all of them come out at night, are small, and are very shy.
In spite of their retiring habits, they show themselves in a number of ways.. Patches of bare 
earth under sagebrush and nearby sandy slopes are crisscrossed with tiny paths beaten into the 
dust by deer mice. Along the riverbank, gnawed tree stumps, a few fresh chips, and perhaps a 
webbed footprint tell us beaver have been active during the night, The paired hind footprints of 
the kangaroo rat are common on tire hillside Freshly fallen snow records die previous night's 
activities in great detail.
Wer e it not for the golden-mantled ground squirrels, our proof of mammals would be mostly 
indirect. But these little fellows are seen all day long as they play around the visitor center and 
in the picnic areas. They are handsome, too, with their alert black eyes, cinnamon neck and 
shoulders, and dark side patches with white stripes
The water problem is an ever-present one for the mammals, as well as for the plants. At first 
this may seem strange with the Green River dose by and several springs in die bills. But most 
of the smaller animals do not travel far from their homes. A deer mouse, for example, seldom 
travels more than 100 feet from his home burrow in his entire lifetime. The kangaroo rat and 
the desert wood rat also have limited ranges although theirs are a bit larger than those of deer 
mice. A large number of such animals must meet their water needs without springs or seeps. 
How do they do it?
The food they eat has some water in it. The green vegetation in springtime contains large 
amounts Even air-dried foods such as seeds contain some Through the thousands of years 
that these little creatures have lived in dry lands, natural processes have changed their bodies 
and life patterns to fit the conditions under which they must live. Surely one of die most useful 
and interesting of their abilities is that of using metabolic water. During the digestive process 
these animals are able to make water’ from the chemical portions of their food and the oxygen 
in their blood. Thus some animals are able to live a normal life-span without ever taking a 
drink, and many of them probably do.
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Wildlife Activities
Wildlife refuges mainly serve as havens for millions of ducks, geese, and other migratory 
birds. And this is what most people come to see. Serious birdwatchers require binoculars and a 
bird guide. Much of the fun is in knowing and distingmshing the many kinds that are present 
in great variety The activities and antics of the bird world are fascinating to anyone taking the 
time to observe up close A camera, likewise, will record some of the unusual sights that will 
be seen
Most of the federal areas are staffed by biologists-individuals who have a great interest in 
the outdoors.. They are all enthusiastic naturalists who can help a person to a richer enjoyment 
of the world of nature. A stop at the refuge headquarters will yield ideas on what to see and 
where, as well as helpful literature.
A few refuges have visitor centers where displays tell the story of the refuge and where there 
are movies or color slide shows of the area and its wildlife. Many have nature trails for 
walkers with numbered posts keyed to deseriptive leaflets. These explain refuge operations or 
describe some of the unusual wildlife or plants Still others have regularly scheduled auto 
tours.
Most refuges have water on them-ponds, lakes, streams, and beaches. Wherever possible, 
these units are open to fishermen. More than a fourth of all visitors come for this purpose. 
Nearly half a million people enjoy hunting each year on national refuges. Some are open to 
waterfowl shooting on a limited basis. On others, a person may hunt for a variety of resident 
game such as deer; pheasants, quail, rabbits, and grouse. A few offer the unusual in hunting 
experiences,. On Desert Game Range in Nevada a person may pursue the elusive desert 
bighorn sheep. And on Chincoteague National Wildlife Refuge in Virginia, exotic sika deer 
occur in sizable numbers
Hunting on a refuge seems inconsistent with its purpose of protecting and saving. However, 
big game, if allowed to increase to an excessive degree, can be their- own worst enemy. They 
overbrowse their range Then starvation ruins the hod. But even before nature balances 
animals to food supply, the destruction of trees and shrubs removes food and cover essential to 
many smaller animals as well Its good management of the game, and to the sportsman's 
benefit, to crop big game judiciously.
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